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Abstract 


EKG  data  compression  techniques  were  investigated  for 
potential  real  time  implementation  on  an  8  bit  Motorola  6800 
microprocessor.  Research  indicated  entropy  reduction 
transform  techniques  such  as  the  Fast  Fourier  Transform  and 
the  discrete  K a r h un e n- Lo e v e  Transform  were  not  feasible  for 
implementation  on  the  6800.  Two  redundancy  reduction  (RR) 
techniques  (TOLAN  and  DOWER)  utilizing  2nd  order  difference 
operations  in  conjunction  with  variable  length  encoding  were 
studied  in  detail.  One  such  RR  technique  (TOLAN)  was  fully 
Implemented  and  tested  with  ''in  vivo''  EKG  data.  Analysis 
revealed  compression  ratios  ranging  from  1.25:1  to  2.26:1. 
Investigation  of  the  poor  performance  of  the  compression 
algorithm  showed  significant  degradation  of  the  2nd  order 
difference  ''decorrelator''  due  to  a  noisy  collection 
environment.  It  was  concluded  that  real  time  EKG  data 
compression  is  feasible  on  the  6800  but  that  time  compression 
techniques  which  store  a  zero  value  sequence  counter  versus 
the  value  of  zero  are  not  efficient  in  a  high  noise 


env ironment . 


ANALYSIS  AND  PL  Rl-'ORMANCI-  FVA!, RATION 
OK  K.Ll.C'TROCAROI  OGRAM  DATA  COMPRISSION  TI- Cli  N  I  01  K,  S 

I  .  Xnirod  uc_t  j_on 

Currently  the  USAF  School  of  Aerospace  Medicine 
(USAFSAM)  is  receiving  more  than  thirty  thousand 
electrocardiogram  (EKG)  data  records  a  year  from  Air  Force 
flight  personnel  worldwide.  This  data  is  presently  recorded 
on  paper  strip  charts  for  immediate  medical  analysis  and 
long  term  storage  (via  microfilm). 

Advances  in  computerized  biomedical  analysis  has 
generated  a  need  for  digitized  storage  of  the  EKG  waveform 
to  allovf  computerized  interpretation  and  comparison  of 
present  and  past  c a r d i o g r a p h i c  data.  As  computerized 
diagnosis  becomes  more  accurate,  a  long  term  digital  record 
of  historical  EKG  data  will  enable  the  cardiology  staff  at 
USAFSAM  to  identify  developing  heart  disease  before  it 
becomes  a  danger  to  a  flight  crew  member  or  his  fellow 
c  r  ewma  n . 

Da^^a^  £,£■!!£££ on  of  the  sampled  EKG  has  been  an  area  of 
active  research  since  the  late  nineteen  sixties.  References 
(1).  (7),  (12),  (26),  (28),  (29).  (32),  (3  -1).  and  (3  5)  are 
representative  of  the  research  efforts  performed  in  the  last 
ten  years.  The  reasons  for  compressing  EKG  data  arc 
twofold:  1)  digital  storage  costs  are  rapidly  approaching 
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analog  storage  costs  and  ;  2)  increased  use  of  computer 

aided  diagnosis  requires  large  digital  data  bases. 

In  the  past,  EKG  data  compression  has  generally  been 
performed  at  a  central  computer  facility.  The  data  is 
normally  collected  in  a  physician's  office  or  clinic  and 
transmitted  in  an  analog  format  over  a  standard  telephone 
link  to  the  central  computer.  The  data  is  then  digitized 
and  input  to  a  computer  for  diagnosis  and  storage  (in 
compressed  form)  . 

With  the  current  advances  in  microprocessor  technology, 
and  £  o  m£  r  e^  j^_s  o  n  at  the  collection  site  is  now  a 
viable  alternative.  State  of  the  art  digital  communication 
systems  can  operate  at  9600  bits  per  second  over  the 
standard  3  kilohertz  (KHz)  bandwidth  telephone  channel. 
With  error  detection  and  correction  protocols  (Ref  27),  high 
fidelity  digital  transmission  of  the  compr^^^ei  EKG  to  the 
central  processing  center  appears  to  be  the  wave  of  the 
future  (Ref  21:253-254). 

The  Department  of  Defense  (DOD)  is  currently  installing 
a  computerized  EKG  interpretation  system  at  centralized  US 
military  medical  centers  worldwide.  To  collect  and  transmit 
this  EKG  data,  remote  medical  clinics  will  use  a  commercial 
EKG  ''cart''  containing  a  Motorola  6800  microprocessor. 
This  EKG  cart  performs  internal  data  compression,  record 
formatting,  and  error  protective  ''channel''  encoding  for 
d transmission  to  the  central  medical  center. 

As  an  independent  study,  DSAFSAM  has  sponsored  this 
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thesis  to  investigate  the  general  field  of  microprocessor 
based  I"  K  C  data  compression.  The  results  of  this  study  are 
to  be  used  for  comp. risen  against  the  data  compression 
achieved  in  the  DOD  system  and  to  create  a  measurement 
baseline  to  evaluate  future  microcomputer  based  EKG  data 
compression  systems. 

Problem 

The  problem  addressed  by  this  thesis  was  the  analysis 
of  currently  available  EKG  data  compression  algorithms  for 
implementation  in  a  microprocessor  based  computational 
enviroment.  Additionally,  a  performance  measure  was  to  be 
developed  by  which  differing  EKG  data  compression  techniques 
could  be  compared. 

Sc  0£e 

In  this  thesis,  an  EKG  Data  Acquistion  and  Analysis 
System  (EKG-DAAS)  was  constructed.  The  EKG-DAAS  collects  3 
leads  of  an  amplified  EKG  (i.e.,  Analog/Digital  (A/D) 
dynamic  range  =±  5  volts),  and  samples  the  data  at  a 
operator  controlled  rate  between  300-700  hertz.  Data  is 
digitized  at  12  bit  precision  and  subsequently  roijn^e^d  to  8 
bits  for  uniform  truncation  error  performance  (Ref 
24 : 413-418)  . 

The  EKG-DA.AS  hardware  was  developed  around  a  Motorola 
Exerciser  microcomputer  (6800  microprocessor)  with 


associated  A/D  converter,  disk  memory , comput e r  terminal,  and 


hard  copy  printer.  The  F.KG-DAAS  hardware  is  controlled  via 
.1  software  progran  called  i'. !;  (■- .  rK(;-r.\!;C  is  an  a_^^e-^_iy 
program  which  performs  terminal,  printer,  and  disk 
input/ontput  (I/O)  operations  as  well  as  providing  a 
supporting  structure  for  the  data  compression  and  analysis 
software.  Because  of  the  lack  of  a  high  order  language 
(e.g.  FORTRAN,  PASCAL, etc.)  and  the  desire  for  maximum 
program  execution  speed,  ^1.1.  programming  done  in  this  thesis 
is  in  assembly  language.  This  has  proven  to  be  a  major 
limitation. 

Only  one  EKG  data  compression  algorithm  was  completed 
and  implemented  on  the  EKG-DAAS.  ''In  vivo''  EKG  data  was 
taken,  however,  and  EKG  data  compression  performance 
analyzed  . 

To  accomplish  the  objectives  in  the  problem  statement, 
the  literature  was  first  searched  for  EKG  compression 
algorithms  whose  implementation  and  execution  on  a  6800 
microprocessor  was  considered  feasible.  As  a  result  of  this 
literature  search  and  private  correspondence  (Ref  11  and 
31),  two  compression  routines  were  found.  These  two  EKG 
data  compression  algorithms  will  hereafter  be  referred  to  as 
the  Tolan  and  Dower  methods  (Ref  31,12)  . 

With  the  Tolan  and  Dower  algorithms  identified, 
construction  of  the  EKG-DAAS  was  begun  by  assembling  the 
data  acquistion  subsystem.  This  data  acquistion  system 
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consists  of  an  Analog/Digital  converter  and  a  interrupt 
s:i  '’iir!g  clock.  The  A/D  was  calibrated  and  coding  of  the 
EKG-EXEC  software  started.  Several  nonjths^  of  effort 
resulted  in  the  EKG-EXEC  software  and  programming  of  the 
Tolan  compression  algorithm  initiated.  Upon  completion  of 
the  Tolan  compression  routines,  the  Dower  algorithm  was 
analyzed  but  not  implemented. 

Based  on  the  results  of  the  Tolan  compression 
algorithm,  a  performance  measure  was  formulated  which 
compares  a^£hi^y£4  s..s_i  on  against  an  approximate  nA£i.muin 

oil  computed  from  the  data  statistics.  The  Dower 
compression  algorithm  was  analyzed  for  similarity  with  the 
Tolan  technique  and  an  estimated  performance  figure 
calculated  with  respect  to  the  compression  measure  or 
' 'metric  . 

Chapter  2  begins  the  thesis  development  with  a  general 
survey  of  the  field  of  data  compression.  Data  compression 
is  shown  to  be  divided  into  two  subclasses  (Entropy 
Redaction  and  Redundancy  Reduction)  and  each  subclass  is 
defined.  Several  EKG  compression  techniques  found  in  the 
literature  were  included  in  the  ER  category.  These  ER 
techniques  were  described  and  their  performance  advantages 
and  limitations  analyzed.  Chapter  2  proceeds  by  describing 
redundancy  reduction  and  several  RR  electrocardiogram 
compression  algorithms  are  also  analyzed.  Chapter  2 
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concludes  with  the  determination  that  implementation  of  the 
identified  ER  compression  routines  would  require  program  r.  ir.  r 
efforts  beyond  the  scope  of  this  thesis.  Hence  this  thesis 
is  limited  to  redundancy  reduction  compression. 

Chapter  3  describes,  in  detail,  the  Tolan  and  Dower 
redundancy  redaction  algorithms  whose  implementation  on  the 
Exorciser  was  considered  feasible.  The  Tolan  algorithm  is 
described  first  followed  by  a  discussion  of  the  Dower 
method.  Two  other  EKG  compression  techniques,  discovered 
during  the  research  of  this  thesis,  are  also  summarized. 

Chapter  4  reviews  the  hardware  and  software 
configuration  of  the  EKG-DAAS .  The  hardware  system  is 
described  first  and  the  specifications  of  the  Exorciser 
microcomputer, A/D  converter,  and  I/O  peripherals  are 
presented.  Following  the  hardware  description,  the  EKG-EXEC 
program  is  documented  and  the  software  design  philosphy 
examined.  Finally  the  Tolan  compression  module  is 
discussed. 

Chapter  5  outlines  the  r.£l,uit^A  obtained  using  the 
EKG-DAAS  with  the  Tolan  algorithm.  A  detailed  description 
of  the  experimental  setup  is  presented  along  with  a 
discussion  of  the  £1.  ££1  measured  by 
EKG-EXEC.  Finally  a  performance  m££xi.£  i*  described  and  the 
Tolan  compression  results  compared  against  this  metric. 
Chapter  five  ends  with  an  analysis  of  how  well  the  Dower 
compression  technique  would  have  performed  against  the 
performance  metric.  Chapter  6  concludes  the  thesis  and 
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presents  r ec onme nd i a t i o n s  for  future  study. 


This  thesis  contains  five  appendices.  Appendix  A 
surveys  basic  o£  a^  o  and  is  recommended  to 
readers  unfamiliar  with  this  subject.  Appendix  B  is  a 
tutorial  on  I.n_f  o  rm  a  t^  J.  o  n  a^nd  X2l£j2£i  is  likewise 
recommended  to  those  readers  unfamiliar  with  this  field. 
Appendix  C  contains  a  listing  of  the  EKG-EXEC  assembly 
language  software  as  well  as  one  BASIC  pregram  used  on  the 
Exorciser  for  data  analysis.  Appendix  D  contains  data 
printouts  of  the  data  taken  in  the  data  collection 
experiment.  Appendix  E  presents  photocopies  of  the 
specification  sheets  for  the  equipment  used  in  this  thesis. 

With  the  sequence  of  presention  outlined,  attention  now 
turns  to  the  theoretical  section  of  this  thesis.  The  first 
subject  is  data  compression  theory. 


I  I  .  DjL t.JL  j^on  ^nd  EKG 

Data  compression  is  an  operation  in  which  data  from  an 
information  source  is  ''simplified*'  or  ''filtered*'  in  a 
manner  that  produces  an  approximation  of  the  original  with 
at  most  some  predefined  amount  of  distortion.  Some  form  of 
data  compression  is  usually  necessary  when  storage 
limitations,  bandwidth  requirements,  or  transmission  channel 
capacity  prohibit  operation  on  the  original  data. 

In  general,  data  compression  can  be  divided  into  two 
types  of  operations  (Ref  10:4).  The  first  operation,  called 
£n^£0£y  £®du^_t_ion  (ER),  is  an  irreversible  transformation 
which  reduces  or  compresses  the  data  by  mapping  a  source 
into  an  « ££r  o  x^m  a^  j,  o  n  of  itself  with  a  lower  entropy  rate. 
Sampling  is  an  example  of  such  a  transformation.  The  second 
operation,  known  as  r^dund^n^y;  ryduc^_ion  (RR)  compresses  the 
sampled  data  train  by  reducing,  or  eliminating,  the 
existing  in  digital  sequence.  Since  the 
redundant  components  of  the  data  train  contain  no 
information  about  the  source,  RR  is  an  ''exact''  data 
compression  operation. 

This  chapter  discusses  data  compression  as  it  has  been 
applied  to  the  electrocardiogram  (EKG),  Two  types  of  data 
compression  strategies  prevail.  The  first  strategy  involves 
two  (or  more)  ER  operations  on  the  EKG  data  and  attempts  to 
compress  the  data  by  Xi.i.1,  ££  £££  selected  components  of 
discrete  transforms.  Because  ER  operations  are 

irreversible,  this  type  of  data  compression  is  sometimes 
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referred  to  as  ’'inexact*'  compression.  The  second  stategy 
P'.  i;'.  rr;s  data  compression  by  reducing  the  redundancy  present 
in  the  sampled  EKG  data  train.  This  redundancy  arises  from 
two  causes  1)  neighboring  signal  samples  are  not 
statistically  independent  and  :  2)  the  quantized  signals 
amplitudes  do  not  occur  with  equal  probability. 

Because  of  the  speed  limitations  of  the  Motorola 
Exerciser  microcomputer  used  in  this  thesis,  only  redundancy 
reduction  algorithms  were  tested.  This  chapter,  therefore, 
is  intended  as  a  review  of  the  work  that  has  been  done  in 
EKG  data  compression  to  allow  comparison  with  the  results 
obtained  by  this  author. 

As  is  known  from  information  theory  (Ref  19),  entropy 
(H(X))  is  defined  as  a  measure  of  the  ’’randomness''  or 
’’uncertainty’’  of  an  information  source.  If  the  symbols 
emitted  by  the  source  are  statistically  independent,  then 
the  source  is  said  to  be  ’’ memory  1 e s s ' ’  and  entropy  is  given 
by  the  equa  tion : 

N 

H(X)=  -  5  P.log.,  P  (bits)  (1) 
Z  1  2  i 

i  =  l 

where  p.  represents  the  probability  of  occurrence  of  the  ith 
symbol  and  N  is  the  number  of  distinct  symbols  output  by  the 
source.  For  those  ’’symbols’’  in  a  data  set  which  occur 
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with  zero  probability,  the  term  p.log  P  is  defined  equal  to 

I  2  i 

7.  ('  r 

Immediately  obvious  from  Eq.(l)  is  the  observation  that 
H(X)  is  defined  on  a  d_i^£r^^£  probability  distribution.  In 
fact.  Shannon  (Ref  30)  defined  the  entropy  of  a  £Ont_inuous^ 
source  as  equal  to  positive  infinity.  Thus  an  ER 
transformation  must,  in  some  manner,  *’  discretize''  a 
continuous  waveform  into  a  countable  set  of  components  and 
attach  some  probability  to  the  elements  of  the  set. 

S^m2  l.i.n£ .  The  clearest  example  of  this  ’'discretization'' 
is  sampling,  obviously  the  most  important  operation 
necessary  for  digital  signal  processing.  In  sampling,  an 
electrical  circuit  (such  as  an  A na 1 og - t o-D i g i t a  1  (A/D) 
converter)  periodically  measures  the  value  of  a  signal  x(t) 
and  records  the  data  as  a  num£rj^£  (usually  binary)  number. 
If  the  signal  is  sampled  at  least  twice  the  highest 
frequency  component  of  x(t),  and  the  duration  of  the 
sampling  operation  is  long  enough  that  ''aliasing''  effects 
(Ref  36:68-72)  of  ''windowing''  are  negligible,  then  all  of 
the  ''frequency  domain''  components  of  interest  in  x(t)  will 
be  preserved.  Physical  constraints,  however,  limit  the 
accuracy  of  the  amplitude  measurement  to  some  finite 
precision.  Amplitude  information  residing  below  the 
sensitivity  of  the  A/D  converter  is  irretrievably  lost. 

As  an  example,  let  the  A/D  converter  digitize  to  8 
bits.  With  8  levels  there  are  256  possible  outputs,  each 
with  a  certain  probability  of  occurrence.  If  the  continuous 
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waveform  fed  to  the  A/P  is  the  output  of  a  stationary 
stochastic  process  with  uniform  statistics,  then  each 
numeric  value  will  occur  with  probability  of  1/256  (assuming 
the  source  max/min  deviation  >,  the  A/D  dynamic  range). 
Assuming  s a  m  p  1  e  -  t o- s a m p 1 e  independence,  the  source  entropy 
is  then  calculated  as 

H(X)=  ^  (  1/256  )  log2256  =  8  .  (2) 

256 

Entropy  has  been  ''reduced*'  from  +  =>  to  8.  If  the 

stochastic  source  has  ''less  random''  statistics  (like 
gaussian),  entropy  would  be  reduced  even  futher. 

All  of  the  EKG  compression  routines  discussed  in  this 
thesis  are  implemented  on  digital  computers,  hence  the  ER 
operation  of  sampling  is  always  performed.  In  ''inexact*' 
EKG  data  compression,  the  next  operation  is  another  ER 
mapping  in  which  the  sample  sequence  is  transformed  into  an 
alternate  domain  and  filtered. 

Ex£^n^j,onj^  5.  £4  Fill  •  A  bandlimited  waveform 

x(t)  can  be  expanded  (over  a  given  interval  T)  as  a  linear 

combination  of  orthonormal  basis  functions  0  (f)  (Ref 

n 

36 : 20-21 )  ,  Tha  t  is 
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X  (  t  )  = 


(3) 


^  a 

4  n  n 
n  =  0 


The  functions  0  (t),  as  n-0,1 

n 

or  thonornal  i  f 


,  are  defined  as 


/ 


0. (t)0  (t)  dt  =  1 

i  k 


i  =  k 


(4) 


=0  otherwise 


ihe  orthonormal  set  (0  (t))  is  called  £ o m£ lete  (C.O.N,) 

n 

if,  for  any  given  e>  0,  there  exists  an  N  and  a  linj._te 
expansion 


N-1 

x(t)=  a  0  (t)  (5) 

L  n  n 

n  =  0 


snch  that 


J  lx(t)-x(t)  1^  dt  <  e 

T 

Given  a  complete,  orthonormal  set  {0  (t)),  then 

n 

representation  of  any  physical,  no i s e - 1 i m  i  t e d  signal  (over  a 

prescribed  interval  T)  is  possible  with  a  £i.n_i^^  set  of 

weighting  coefficients  {a_»a  ,...a  ). 

^  1  N—  1 


L 
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If  k  (k<N)  terms  in  Eq.(5)  are  selectively  suppressed 


(i.e.,  =0),  then  the  signal  x  (  t  )  is  said  to  be 

0  1  k 

of  those  components  and  a  £om£X£Al®.d  representation 
of  x(t)  is  produced. 

EKG  E  i.  1  £  X  J:  B  £  £  o  m£  s^XX  B  •  A  great  deal  of  work 

(  1),(  2), (26), (33), (35), (21)  has  been  done  in  attempting  to 

''compress''  EKG  data  by  storing,  or  transmitting,  selective 
components  of  an  orthonormal  expansion.  This  type  of 
compression  strategy  is  complicated  by  the  complex 
characteristics  of  the  EKG  waveform.  Foremost  are  the 
limitations  imposed  due  to  the  ''nonstationarity''  or 
variability  of  the  EKG  source,  both  within  any  given 
waveform  and  the  general  population  as  a  whole. 


Fig  1.  Typical  EKG  waveform  with  arrythmia. 


During  an  EKG  collection,  the  heart  rate  of  the  person 
undergoing  testing  can  vary.  This  variation,  or  arrythmia, 
requires  that  a  suitable  reference  point  be  established  on 


the  I’-QRS-T  complex  (Fig  1)  around  which  the  orthogonal 
ex!.  sion  can  be  performed.  Without  this  reference,  the 
data  falling  within  an  expansion  interval  T  (based  purely  on 
a  constant  At  )  will  appear  to  be  ''almost''  random.  If  the 
''filtering''  used  to  effect  compression  is  based  on  an 
expected  waveform  within  the  transform  window,  improper 
registration  will  cause  severe  degradation  in  compression 
efficiency.  The  above  situation  is  known  as  the  ''epoch'' 
problem  and  is  discussed  by  Womble  (Ref  3  5:703  )  . 

Assuming  that  the  expansion  interval  is  aligned 
properly  on  some  feature  of  the  EKG  (e.g.  R  wave),  then  the 
problem  of  variable  P,QRS,  and  T  complexes  must  be 
considered  . 

If  the  individual  under  test  has  a  heart  disease,  then 
in  many  cases  the  P.QRS.and  T  segments  of  that  person's  EKG 
may  vary  significantly  from  the  population  ''norm''.  Again, 
if  the  compression  filtering  is  based  on  an  assumed,  or 
''normal''  waveform,  then  significant  reduction  in 
compression  efficiency  can  be  expected. 

These  problems,  among  others,  require  that  the  EKG 
''filtering''  compressor  be  robust  enough  to  handle  the 
variations  possible  within  the  waveform.  With  these 
limitations  in  mind,  discussion  will  now  proceed  to 
compression  transforms. 

Two  major  types  of  discrete  filtering 
compression  strategies,  as  applied  to  EKGs,  will  now  be 
discussed.  These  are  the  Fast  Fourier  Transform  (FFT)  and 
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the 


discrete  Karhunen-Loevc  Transform  (DKLT). 


These  two 


ti.  :  ifiuc-s  are  representative  of  current  research  into 
filtering  compression  and  will  serve  as  good  basepoints 
against  which  to  compare  the  redundancy  reduction 
compression  techniques  outlined  in  chapter  3. 

Fa^^  Four^je£  J^^n^  f  ££m .  The  fast  Fourier  transform  is 
a  computationally  efficient  algorithm  for  calculating  the 
discrete  Fourier  transform  (DFT).  The  following  discussion 
involves  the  DFT,  but  calculation  by  the  FFT  is  implied. 

Data  compression  using  the  DFT  is  achieved  by  iona^_l 

Xii^t^r^n^  in  which  '  'zones''  of  the  transform  sequence  are 

selectively  discarded.  Usually  these  zones  are  defined  by  a 

''cutoff  frequency''  f  and  only  those  components  less  than 

c 

or  equal  to  f^are  saved.  Data  reconstruction  is  performed 
by  computing  the  inverse  DFT  (FFT)  on  the  filtered  sequence 
and  replacing  the  filtered  components  with  zeroes.  Using 
the  symmetry  relationships  described  in  Oppenheim  and 
Shaffer  (Ref  24:103-105),  then  the  transform  sequence  for 
N=8  is: 


■x(O) 

R(0) 

+ 

j lm(0) 

X(l) 

R(l) 

+ 

jlm(l) 

X(2) 

R(2) 

+ 

j Im ( 2 ) 

X(3) 

= 

R(3) 

+ 

j Im ( 3  ) 

X(4) 

R(4) 

+ 

j Im ( 4 ) 

X(5) 

R(3) 

- 

j  Im  (  3  ) 

X  (6) 

R(2) 

- 

jlm{2) 

X  (7) 

m 

R(l) 

- 

j  I  m  (  1 ) 

where  R  is  the 
complex  number  X, 


real 

and 


part, 

j=VTT 


I  m 


the  imaginary  part  of  the 


Zonal  filtering  takes  advantage  of  the  symmetry  in  F,  q. 


(7)  by  saving  those  positive  frequency  components  less  than 


or  equal  to  a  certain  cutoff  frequency'  f^  ■  If'  were 

chosen  as  equal  to  X(2),  then  only  X(0),X(1),  and  X(2)  would 
be  saved.  On  reconstruction,  X(3),X(4),and  X(5)  would  be 
set  equal  to  zero  (i.e.  they  have  been  filtered  out)  while 
X(6)  and  X(7)  would  be  recreated  from  X{1)  and  X(2)  using 
symmetry.  The  inverse  DFT  (FFT)  now  produces  a  ''filtered'' 
approximation  of  x(n). 

EKG  data  compression  via  filtered  FFT  spectra  has  been 

studied  by  Womble  (Ref  35)  and  the  TRW  corporation  (Ref 

33).  In  both  studies  the  distortion  criterion  used  in 

establishing  f  was  visible  reproducibility  with  no 

c 

detectable  distortion. 

In  the  TRW  study,  compression  ratios  (defined  as  bits 
in  :  bits  out)  from  2;1  to  as  high  as  17:1  were  obtained 
using  zonal  filtering.  The  high  compression  ratios  were 
measured  using  highly  rhythmic  EKGs  taken  from  an  individual 
(an  astronaut)  in  a  low  noise  environment.  This 
extraordinary  compression  ratio  is  far  from  ''normal'', 
however.  Womble  (Ref  35)  has  shown  that,  on  the  average, 
40-80  terms  of  a  512  sample  FFT  (sampled  at  500  Hz)  are 
necessary  to  reproduce  the  EKG  with  acceptable  visual 
distortion.  Since  the  FFT  requires  storage  of  2  numbers  per 
term  (real  and  imaginary  components)  then,  in  general,  FFT 
zonal  filtering  compression  ratios  of  5:1  to  3:1  are  more 
c  ommo  n . 

The  FFT  is  often  used  in  digital  signal  processing 


because  of  its  speed  and  representation  in  the  frequency 


d  .  As  will  be  seen  f  r  o  n  the  data  in  c  li  a  p  t  e  r  5  , 
compression  ratios  of  5  :  1  are  usually  higher  than  those 
obtainable  by  redundancy  reduction  techniques.  Even  so,  the 
FFT  is  not  the  ''optimal''  transform  for  representing  a 
sample  sequence. 

K  r  h  un  e^n^o^  Tr^n_sXoxm  .  Because  all  of  the 
filtering  compression  techniques  are  ER  transformations, 
distortion  upon  reconstruction  is  inevitable.  One  would 
like  a  performance  measure  against  which  this  distortion 
could  be  evaluated. 

One  common  measure  of  performance  is  the  ne^^n  lfluai£_e 
defined  by  the  equation: 

e (M)=E((  X  -  i) 


where  E  is  the  statistical  expectation  operator,  X  is  a 
discrete  signal  composed  of  N  sample  values,  and  X  is  the 
estimate  of  X  via  some  orthogonal  coordinate  system.  Given 
that  a  representation  of  X  is  desired  with  less  than  N 
components,  Ahmed  and  Rao  (Ref  2:200-203)  have  shown  that 
the  DKLT  is  the  0£t.J.lS£S  transform  to  minimize  mean  square 
error . 

The  DKLT  can  be  described  as  follows:  Let  the 
orthonormal  transform  matrix  [T]  be  defined  as 


[T]'  =  [  0  {(T]'=[T]  transpose}  (9) 

12  N 
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Now  the  mean  square  error  defined  in  Eq.(8)  can  be  redefined 


e  (N:)=r.  ((AX  )  '  (AX  )  ) 


a  s 


=  E{ 


^  ^  ( y  .'h .)( y .-h  _ 

^  ^  1  1  J  J 


)  (0'  t>  )  ) 
1  j 


i=M+l  j=M+l 


N 

^  2 
=  )  E{(y.-b.)  ) 

L  11 

i  =  M+l 


Ahmed  and  Rao  (Ref  2:202)  show  that  by  minimizing 

N 

e (M)  =  5  t  0;E{(  X  -  I  ) (  X  -  X  ) ) '0  ] 

^  ^  i 

i  =  M+l 


where  X  is  the  mean  of  X. 

The  expectation  in  Eq,  (15)  is  recogniz 
of  ^  »  hence  Eq.  (15)  becomes 

N 

e(M)  =  3  > 

L  1  X  i 

i  =  M+l 


where  [K  1  is  the  covariance  matrix  of  X. 

z  ~ 

By  minimizing  Eq.(16)  ,  Ahmed  and  Rao  (Ref 


(14) 


Eq . (14) 


(15) 


e  d  as  the 


(16) 


:  200-205) 
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that  the  othornora.  al  functions  0.  become  the 

1 

of  the  cc  variance  matrix  ncr.  n 

square  error  becomes 

N 

e(M)=^X  (17) 

i  =  M+l 

where  the  X  are  the  e^i.£.e,n  v  Ji  of  [K  ]  ,  By  expanding  X 

1  X 

with  the  eigenfunctions  corresponding  to  the  largest 

eigenvalues,  then  X  is  filtered  of  N-M  components  with 
minimum  mean  square  error.  This  is  the  discrete 
Karhunen-Loeve  transform. 

The  DKLT  has  been  studied  by  Ahmed  (Ref  1)  and  Womble 
(Ref  35) .  Both  studies  compared  the  performance  of  EKG  data 
compression  using  the  DKLT  against  other  orthogonal 
transforms . 

Ahmed's  tests  utilized  canine  EKGs  and  clearly  showed 
the  optimality  (in  the  ''mean  square  sense'')  of  the  DKLT. 
Ahmed,  however,  deemed  the  DKLT  to  be  too  complex  for 
practical  implementation,  and  proceeded  with  the  development 
of  EKG  compression  strategies  using  suboptimal  transforms. 
The  details  of  these  suboptimal  expansions  will  not  be  given 
here,  but  the  reader  is  referrenced  to  Ahmed's  paper  (Ref 
1)  . 

Womble,  on  the  otherhand,  demonstrated  that  the  DKLT  is 
not_  to  difficult  to  implement.  In  his  experiments,  Womble 
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tcM’k  3  lead  vectorcardiogram  (VCG)  data  (see  appendix  A), 
her^'^fter  referred  to  as  X,Y,7. ,  and  first  transformed  the 


data  into  a  different,  orthogonal  coordinate  system 
(U,V,W)  .  The  transformation  was  determined  by  solving  for 
the  eigenvalues  of  the  3X3  matrix: 


N 


=  1/N  ^ 


i  =  l 


x{  i)| 

Y(  i 
Z(  i 


X(  i)  ,Y(  i)  ,Z(  i) 


(18) 


where  N  was  chosen  equal  to  200  and  X  (  i  )  ,  Y ( i )  , Z  (  i  )  are  the 
X,y,Z  components  of  the  VCG  in  the  Frank  (Ref  14)  coordinate 
sy  s  t  em , 

Next  an  '’average'',  or  mean,  heartbeat  was  calculated 
using  900  patients  and  the  data  (in  the  eigenvector 
coordinate  system)  was  subtracted  from  the  mean  forming  a 
''patient''  vector  p.  The  vector  p  is  defined  as 


u ( 1 ) -u  ( 1 ) 

u(2)-u®(2) 


u ( N) -u  ( N) 
v( 1) -v®( 1) 

v(2)-v'"(2) 

m 


V  (  N)  -  V  (  N) 

z(l)-z®(l 

z(2)-z'"(2) 

m 


z(N)-z  (N) 
m 


(19) 


This  patient  vector 


is  expanded  using  the  eigenfunctions 


2 


of  liie  matrix 


N 

L  =  1/N  ^  (p  )  (p  )  '  (20) 

Z.  i  i 

i  =  l 

where  N  is  now  a  large  number  of  patients  being  ''averaged'' 
(up  to  300  reported  in  Ref  33) .  The  eigenvectors  of  this 
tremendous  matrix  are  calculated  (once  for  all  time),  and 
then  M  (M  <<  200)  are  used  to  expand  the  data  vector  p. 

The  above  approach  has  allowed  accurate  representation 
of  EKG  sample  sequences,  properly  aligned  on  the  heartbeat, 
with  an  M=20  DKLT  coefficients  per  lead  per  second  (Ref 
35),  At  Womble's  sample  rate  of  250  Hz,  this  represents  a 
compression  ratio  of  over  12  :  1  .  With  the  most  significant 

eigenfunctions  stored  from  the  solution  of  Eq.  (20),  then 
the  compression  of  digitized  EKG  data  by  filtering  the  DKLT 
expansion  on  p  is  approaching  feasibility  on  a 
ffl  icrocomput  e  r . 

The  proceeding  discussion  was  intended  as  a  basic 
tutorial  on  some  of  the  entropy  reducing  (ER) 
transformations  currently  under  test  for  EKG  data 
compression.  As  stated  earlier,  ER  operations  are 
''inexact''  because  some  ''information''  is  always 
discardc’.  By  discarding  data  efficiently,  zonal  filtering 
can  achieve  compression  ratios  larger  than  those  obtained 
nsing  the  redundancy  reduction  techniques  implemented  in 
this  thesis. 
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E£dunda[n£i  B®.4£P.J.ion 


Redundancy  reduction  is  an  operation  which  performs 
data  compression  by  indentifying  and  removing  the  redundant 
components  of  a  digital  sequence.  This  redundancy  exists 
for  two  reasons  :  1)  the  sample  points  are  not  statistically 
independent  and  ;  2)  the  quantized  amplitude  values  of  the 
sample  train  do  not  occur  with  equal  probability.  The 
redundant  components  of  the  data  sequence  carry  no 
''information*'  (see  appendix  B) ,  hence  their  removal  does 
not  affect  the  ''message''  content  of  the  data. 

This  section  of  chapter  two  discusses  redundancy 
reduction  (RR)  operations  which  have  been  applied  to  the 
EKG.  This  is  done  because  the  compression  algorithms 
examined  in  this  thesis  are  of  the  RR  type,  and  the 
background  given  here  will  aid  in  the  descriptions  given  in 
chapter  three. 


Data 

3 

- 3 

Ent  ropy 

De correlator 

Encoder 

Fig  2.  Typical  EKG  Redundancy  Reduction  Data  Compressor. 


The  sampled  EKG  contains  redundancy  resulting  from  both 
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sample-lo-sample  correlation  and  unequal  amplitude 
probability.  As  is  i  1  1  s  l  r  a  t  c  d  by  b'  i  g  u  r  e  2  ,  each  of  t  b  o  ■-  o 
redundancy  components  can  be  reduced  by  a  different 
operator . 


Th  e 

decorrel  ator 

,  as  inferred  by  its 

title,  transforms 

the 

data 

in  a  manner 

which 

decorrelates 

the  data  stream. 

The 

deco 

rrelated  re 

s  i  d  u  a  1 

sequence  is 

then  efficiently 

compressed  by  means  of  the  entropy  encoder. 

To  reduce  the  rendundancy  arising  from  intersample 
correlation,  two  basic  approaches  are  used.  The  i  r  s  t 
approach  utilizes  linear  pr ed i ct or/ int e rpo 1  a t or s  (Ref  28,33) 
to  produce  an  information  bearing  ''residual  ''  sequence. 
The  second  method  generates  the  residual  sequence  by  taking 
successive  differences  on  the  data  stream.  As  will  be 
shown,  these  residual  sequences  carry  £1.1.  of  the  lourc£ 
ifiXSiSll.  with  minimum  intersample  redundancy.  The 
pr ed i c t or / i n t e r p o 1  a t or  method  is  discussed  first. 

3.S.A  llll£I.2£l££.£I.£  •  A  predictor  estimates  the 
next  sample  value  of  a  sequence  (i.e.  x^)  based  on  a  linear 
combination  of  k  past  samples.  That  is 


k 


X 

n 


5 


a  X 
i  n-  i 


i  =  l 


(21) 


where  a  are  coefficients  chosen  to  minimize  the  mean  i£iL£r£ 
3  '*“2 

^rror  a^-E((K-X)  )  between  the  sample  sequence  an<l  the 
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predicted  sequence  .  An  error  ,  or  residual,  sequence  ej^ 

can  then  be  formed  where 


thus 


(22) 


X  =X  +e  (23) 

n  n  n 

Conceptually,  this  technique  decomposes  a  sample  value 

into  a  part  which  is  correlated  with  k  past  sample  values 

(i.e.  the  redundant  component)  and  a  part  which  is 

uncorrelated  with  them.  Linear  mean  square  estimation 

theory  (Ref  24:385-430)  shows  that  the  uncorrelated  part  (e^ 

)  may  be  retained  alone  v/ith  n£  loss  of  information. 

In  their  research  in  EKG  data  compression,  Ruttimann 

and  Pipberger  (Ref  28:616)  prove  that  since  E{c  )  =0 ,  then 

n 

the  mean  square  error  o*  is  equal  to  the  variance  of  e  • 
With  a  second  order  predictor  (k=2),  Ruttimann  and  Pipberger 

2  I 

have  demonstrated  a  variance  reduction  (o^/og)  of  over  25 

1.  This  reduction  in  variance  implies  that  the  EKG  residual 

sequence  e  is  much  more  tightly  clustered  around  a  given 
n 

mean  than  is  the  original  sequence  X  .  This  clustering,  as 

n 

will  be  discussed  later,  enhances  data  compression  by  means 

of  S^1.I.2.S.X  » or  • 

In  an  analogous  way,  interpolators  estimate  a  value  of 

X  .  In  the  case  of  the  interpolator,  however,  the  estimate 
n 
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of  X  consists  of  a  linear  combination  of  past  and  future 
samples.  Th  at  is 

k  m 

x=^ax  +^bx  (24) 

n  ^in-i  Zin+i 

i=l  i=l 

where  k  past  and  m  future  values  are  used.  As  with  the 

predictor,  the  coefficients  a.  and  b  are  again  chosen  to 

1  i 

minimize  the  mean  square  error.  As  was  the  case  with  the 
second  order  predictor,  Ruttiman  and  Pipberger  (Ref  28:617) 
have  found  that  a  A^£ond  ord^X  interpolator  (k=l,m=l)  yields 
EKG  residual  sequences  e^  with  the  most  significant  variance 
reductions  (greater  than  31  1). 

EKG  data  compression  utilizing  pr ed i c t or s  /  i  n t e r p o 1  a t or s 
have  been  studied  by  the  TRW  Corporation  (Ref  33)  ,  as  well 
as  Ruttimann  and  Pipberger  (Ref  28).  In  both  cases, 
predictors  /  interpolators  of  order  2  seem  to  prevail.  As  is 
shown  by  the  two  groups  above,  second  order  systems  have  the 
smallest  residual  sequence  variance  hence  are  most  ameanablc 
to  entropy  encoding.  An  alternate  approach  used  to  reduce 
intersample  redundancy  is  by  means  of  difference 
operations. 

DJ[,J[XXX  difference  reduction,  the  residual 

sequence  is  formed  by  taking  successive  differ  cnees  of  the 
sample  data  train.  Because  there  is  no  multi  pile  a  li('n  (as 
i'  Eq.(24)),  the  difference  operation  is  inherently  a 
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simpler  procedure  than  is  prediction  or  interpolation, 
Di:'.  re  nee  sequences,  however,  are  not  optimized  v  i  I  I. 
respect  to  mean  square  error  and  less  ''efficient'' 
redundancy  reduction  (decorrelation)  occurs. 

An  example  of  an  EKG  difference  reduction  compressor  is 
illustrated  in  Figure  3.  This  technique  was  implemented  by 
Cox  and  Ripley  (Ref  7)  and  tested  against  a  data  base  of  45 
patients.  Figure  4  shows  that  Cox  and  Ripley's  second 
difference  decorrelator  produced  a  sharply  peaked  relative 
frequency  distribution.  This  ''peakedness''  or  clustering 
of  the  residual  sequence  permits  efficeient  entropy 
encoding,  A  variant  of  the  difference  reduction  above  is 
time  compression, 

liSl®.  •  EKG  time  compression,  as  implemented 

by  Dow e r , B e r g h o f e r  ,  and  Stewart  (Ref  12,29),  uses  a  second 
order  difference  reduction  but  instead  of  keeping  the  value 
of  zero  (the  most  common),  a  nun  leni;_th  coun_ter  (At)  is 
kept.  This  run  length  counter  measures  the  number  of 
repetitive  A*X  sequence  terms  equal  to  zero.  By  saving 
(then  encoding)  only  those  A*X^O,and  the  At  between  the 
nonzero  second  differences,  data  compression  can  be 
realized. 

Time  compression  is  the  method  that  has  been 
implemented  and  studied  extensively  by  this  author.  Chapter 
3  discusses  two  different  RR  compression  algorithms  which 
both  use  second  order  time  compression  for  the 
d  e  c  o  r r e 1  a t o r  .  For  now,  dicussion  is  focused  on  the  second 
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f  '  II  t  r  o  p  y 
I'  n  c  o  d  e  r 


£llI.X£j2y  Entropy,  or  source,  encoding  operates  on 

t  ),  e  r  e  n-  a  i  n  i  n  g  redundancy  in  the  residual  sequence  e 

resulting  from  unequal  source  symbol  probability.  How  well  e 

can  be  compressed  is  given  by  Shannon's  noJ^^2£^^ 
n 

codj^n^  i.]l££r£!S  (Ref  30)  which  states  that  the  average  number 

of  binary  symbols  per  source  output  can  be  made  to  approach 

the  entropy  of  the  source  and  no  less.  Unfortunately,  the 

EKG  ''source''  has  memory,  hence  the  entropy  of  this  source 

will  be  less  than  that  which  would  be  calculated  from 

Eq.(l).  In  general,  the  true  value  of  a  nonstationp.  ry, 

memory  source  is  difficult  (or  impossible)  to  calculate. 

To  circumvent  this  ''memory'*  problem,  the  assumption 

is  made  in  the  literature  (Ref  29,12,  7,35)  that  the 

'  ' un c o r r e 1  a t e d '  '  nature  of  the  residual  sequence 

e  approaches  independence,  hence  the  entropy  of  e  as 
n  n 

calculated  by  Eq.(l)  is  a  good  bound  on  the  possible 
compression.  Since  the  variance  of  e^  is  sharply  peaked 
around  zero,  entropy  encoding  via  variable  length  coding 
(VLC)  appears  attractive. 

In  variable  length  coding,  those  values  of  which 

occur  most  often  are  assigned  the  shortest  £od£  word£  (i.e. 
fewest  code  symbols  per  source  symbol).  As  example,  assume 
that  both  the  source  symbol  alphabet  and  the  code  alphabet 
are  binary.  The  values  in  the  sequence  e^  are  the  result  of 
algebraic  operations  on  f i x £d  h  numeric  sample  values 

and  are  hence  fixed  length  binary  numbers  (c.g.  I.=  P).  The 

variable  length  coder  maps  these  fixed  length  numeric  values 
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words 


(binary)  into  unj^^uel^^  d^codable  (UD)  binary  code 
whose  bit  length  is  a  function  of  the  f  r  e  t;  ii  e  n  i.  y  f 
occurrence  of  the  values  in  e 

n 

Coding  theory  (Ref  19:237-248)  shows  that,  in 
principle,  it  is  possible  to  have  variable  length  codes  with 
an  av^ra^^  bj^^  icHfiih  (  _1  )  equal  to  the  entropy  of  source. 
Hence  with  the  right  VLC,  a  compression  ratio  of  L/  X  is 
achievable  . 

A  common  VLC  used  in  EKG  data  compression  research  (Ref 
7,28)  is  the  Huffman  code.  Huffman,  in  1952,  developed  ?  r. 
algorithm  (Ref  16)  for  generating  the  optimal  I’D  code 
(assuming  stationary,  memoryless  source).  This  code  is  in  a 
class  of  UD  codes  called  which  no  code  word 

is  the  prefix  of  any  other.  Unfortunately,  a  codeword  must 
be  assigned  to  every  possible  symbol  which  occurs, 
regardless  of  how  infrequently.  This  means  that  although 
the  average  code  word  bit  length  approaches  the  entropy  of 
the  source,  the  longest  code  word  can  be  substantially 
larger.  In  a  straight  Huffman  code,  these  ’’long’'  code 
words  can  induce  severe  problems  due  to  ’’buffer  overflow’’ 
(Ref  17) . 

For  practical  implementation  in  EKG  data  compression, 
Ruttimann  and  Pipberger  (Ref  28)  and  Cox  and  Ripley  (Ref  7) 
constructed  a  modified  Huffman  code.  In  this  modified  cocie, 
the  residual  sequence  source  words  are  partitioned  into  a 
frequent  set  and  an  infrequent  set  (known  as  ’’else’’).  A 
Huffman  code  was  then  formed  with  all  of  the  residual  words 


in  the  first  set  plus  a  special  code  word  used  as  a  prefix 
for  anj'  source  word  fron  the  infrequent  set.  The  prefix, 
when  it  occurs,  is  followed  by  a  fixed  length  suffix  which 
contains  the  value  of  the  infrequent  source  word.  The 
probability  that  '’else'*  will  occur  must  be  kept  small 
enough  to  mantain  the  efficiency  of  the  truncated  Huffman 
code. 

Using  the  modified  Huffman  code  in  conjunction  with  a 
second  order  interpolator,  Ruttimann  and  Pipberger  (Ref  28) 
have  attained  compression  ratios  as  high  as  9  ;  1.  To  get 
this  ratio,  however,  significant  digital  signal  processing 
was  performed  on  the  ’’raw''  8  bit  data.  This  preprocessing 
involved  digital  filtering  for  noise  reduction  and  Lagrange 
interpolation/decimation  to  produce  an  effective  200  Hz 
sample  rate.  Nonetheless,  this  represents  a  significant 
approach  to  the  compression  ratios  attainable  by  the 
discrete  Karhunen-Loeve  transform  mentioned  previously. 

Although  optimal,  Huffman  codes  are  not  the  only  VLC 
used  in  EKG  data  compression.  Two  different  codes  will  be 
described  in  chapter  three,  one  of  which  (Dower  code'  may 
possibly  be  ''more  optimal''  than  Huffman  in  ^h£  £2!^£Ii£.AI.l£Il 
o£  jasAH  f.i.i £.4  • 

Summ^ry^ 

This  chapter  has  reviewed  the  theory  of  data 
compression  and  how  this  theory  has  been  applied  to  the 
electrocardiogram.  It  was  shown  that  data  compression  could 
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be  I'.irtilioned  into  two  tj'pes  of  operations:  1)  entropy 
r  c  ^  i  r.  i;  t  r  a  n  s  f  o  r  m  a  t  i  o  n  s  which  map  a  (i  a  t  a  source  into  an 
approximation  of  itself  with  a  lower  entropy  rate  and  ;  2) 

redundancy  reduction  operations  which  compress  by  removing 
redundancy  resulting  from  sample-to-sample  dependence  and 
unequal  source  symbol  probabilities. 

The  first  operation  was  applied  to  the  EKG  via 
''filtering''  of  orthogonal  expansions  of  the  digitized 
EKG.  Filtering  transforms,  especially  the  discrete 
Karhunen-Loeve  transform,  were  shown  to  be  very  efficient 
''compressors''  if  the  loss  of  the  filtered  components  were 
tolerable.  If  this  loss  was  not  acceptable,  then  redundancy 
reduction  operations  are  used. 

In  redundancy  reduction  techniques,  the  EKG  is  first 
processed  by  passing  the  digitized  Q-ta  through  a 
decorrelator  which  reduced  the  redundant  component  caused  by 
source  symbol  dependence.  This  decorrelator  could  be 
implemented  with  predictor  /  interpolators  or  difference 
operations.  Next  the  data  is  encoded  via  entropy  encoding 
operations,  usually  utilizing  variable  length  codes.  It  was 
finally  shown  that  a  second  order  interpolator,  followed  by 
an  ''optimal''  Huffman  encoder  could  achieve  compression 
ratios  which  approach  those  obtained  by  the  discret 
Karhunen-Loeve  transform.  Both  of  these  last  two 
techniques,  however,  require  substantial  computational 
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X2JLAII  XKli  Com£r  s^_i  o  n  T££hn_i5U£^ 


Two  EKO  data  cotipression  algorithms  are  studied  in 
detail  in  this  chapter.  The  first  compression  technique, 
hereafter  referred  to  as  the  Tolan  method,  was  conceived  by 
Dr.  Gil  Tolan, MC  from  the  USAF  School  of  Aerospace  Medicine 
(USAFSAM),  Brooks  AFB,  Texas.  The  second  compression 
approach,  referred  to  as  the  Dower  method,  v/as  developed  by 
Mr.  Roger  Dower  and  Mr.  Dave  Berghofer  from  Shaughnessy 
Hospital,  Vancouver,  B.C.,  Canada.  Both  of  the  EKG 
compression  procedures  are  redundancy  reduction  operations 
using  time  compression  for  decorrelation  and  variable  length 
codes  for  entropy  encoding. 

This  author  had  originally  intended  to  implement  and 
test  both  the  Tolan  algorithm  and  the  Dower  algorithm  on  the 
Motorola  microcomputer  (See  Chapter  4).  Unfortunately, 
difficulties  with  hardware  failures  and  insufficient 
software  tools  (i.e.,  a  high  order  language)  prevented 
implementation  of  the  Dower  algorithm.  Nonetheless,  this 
chapter  compares  the  design  of  both  the  Tolan  and  the  Dower 
algorithms  and  illustrates  their  differences  as  well  as 
their  similarities.  Based  on  the  results  of  the  Tolan 
compression  approach  (chapter  5),  this  comparison  will 
illustrate  the  potential  performance  of  the  Dower 
compression  stategy  in  a  real  time  microcomputer 
enviroment.  Before  continuing  with  the  Dower  and  Tolan 
algorithm  descriptions,  a  short  digression  will  be  made. 

In  both  the  Tolan  and  The  Dower  compressors,  a  second 
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difference  operation  is  used  to  produce  an  information 
b  (.  a  r  i  I  -  f  sequence  v,  i  t  h  reduced  c  o  n  p  o  n  e  n  t  -  t  o  -  c  o  r.  p  o  n  e  r  I 
dependence.  Why  the  second  difference  operation  results  in 
the  lowest  correlation  is  a  question  for  closer  scrunity. 


Fig  5.  Non s t a t i o na r y  waveforms  with  random  level  and  slope, 
(From  ref  6:91) 
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A  n  o  3  n  process  (like  the  EKG)  exhibits  a  wide 

amplitude  distribution  due  to  the  random  ’’wander''  of  il.  e 
waveform  as  shown  in  Figure  6.  This  wander,  or  ’’moving 
average'',  can  be  induced  by  patient  variation,  EKG 
apparatus  drift,  or  both.  Time  series  analysis  (Ref  6) 
shows  that  a  nonstationary  process  which  has  sample 
functions  which  are  ''locally  stationary''  or  homogenous 
(Figure  5)  can  be  represented  by  a  process  model  which  calls 
for  the  oX  Xi®.  X£  X£  £X  ®.Xj.£Il£££  • 

The  proof  of  this  assertion  is  given  by  Box  and  Jenkins  (Ref 
6 :  85-125)  . 

If  the  n o n s t a t  i  o na ry  process  sample  sequence  (time 
series)  exhibits  a  random  level  as  illustrated  in  Figure  5a, 
then  a  first  difference  operation  will  remove  this  ’’moving 
average''  and  force  the  resulting  difference  sequence  to  be 
centered  around  zero.  If  the  waveform  exhibits  a  random 
slope,  as  shown  in  Figure  5b,  then  a  second  difference 
operation  will  remove  this  quadratic  ’’bias''  with  a 
corresponding  reduction  in  amplitude  distribution  variance 
(Figure  7.)  Comparison  of  Figures  5  and  6  shows  that  an  EKG 
trace  can  ''look''  similar  to  the  example  in  Figure  5b. 

From  the  theory  of  stochastic  processes  (Ref 
9:330-331),  it  is  known  that  the  expected  value  of  a  sample 
mean  obtained  by  sampling  a  wide-sense  stationary  random 
process  along  a  sample  function  in  time  is  equal  to  the 
constant  mean  value  of  that  random  process. 


Fig  7.  Simulated  variance  reduction  via  second  differencing. 
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In  addition,  the  variance  of  the  sample  mean  is  inversely 


pri  rtinr.]  to  the  nuDl)er  of  samples  taken  when  the  samples 
are  pairwise  u n c o r r e 1  a t e d .  Another  fact  about  widesense 
stationary  processes  is  that  their  autocorrelation  functions 
are  dependent  only  on  the  time  difference  between 
observation  of  the  sample  sequence  and  that  R(tj  “t2)  <  R(0) 

(or  Since  the  second  difference  is  the  first 

''difference'*  which  can  be  modelled  as  coming  from  a 
''stationary''  process,  and  the  maximimum  correlation  occurs 
for  zero  time  difference,  then  the  correlation  must  be 
reduced  for  adjacent  sequence  values  in  the  second 
difference  operation. 

This  hueristic  argument  is  far  from  complete  and  does 
not  explain  why  the  third  difference  exhibits  YL2.LH  behavior 
than  the  second  difference.  The  EKG  waveform  is  a  romplex 
function  from  a  complex  source  and  higher  order  effects 
could  begin  to  dominate  with  the  third  difference 
operation.  luther  analysis  of  this  anomaly  is  left  for 
future  study. 

The  remainder  of  this  chapter  is  organized  in  the 
following  manner.  First  the  Tolan  elgorithm  is  described, 
followed  by  a  description  of  the  Dower  procedure.  Next  a 
short  synopsis  will  be  made  of  three  other  EKG  data 
compression  algorithms  uncovered  during  the  research  of  this 
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EKG  Da^^a  Com^r^l s^o 

The  Tolan  EKG  data  compression  algorithm  is  a 
redundancy  reduction  procedure  which  processes  a  three  lead 
EKG  (VCG)  and  produces  a  compressed,  digital  output.  This 
digital  output  sequence  could  subsequently  be  £hanil^i 
for  ''errorless*'  transmisson  (Ref  27  and  Appendix 
B)  or  stored  for  later  retrieval  and  reconstruction. 

As  was  the  case  for  the  RR  techniques  described  in 
chapter  2,  the  Tolan  compressor  is  subdivided  into  a  data 
decorrelator  and  an  entropy  encoder.  The  decorrelator  is 
discussed  first. 

IoJ,an  D^c  o  r  r  le  J,a^o  r  .  The  Tolan  decorrelator  is  a  second 
order  dj,XX^£e.n£^  £S.4u£Xion  operation  which  utilizes  a  t._ime 
£om£X££2ion  approach  to  form  a  decorrelated  output 
sequence.  A  second  order  system  was  chosen  based  on  the 
experimental  results  of  Dower  and  Bcrghofer  (Ref  12)  and  Cox 
and  Ripley  (Ref  7)  which  showed  maximum  compression  gain 
with  a  second  order  difference  operation.  The  Tolan 
decorrelator  works  on  a  three  lead  EKG  (VCG)  signal  set, 
assumed  to  be  sampled  at  a  constant  rate.  The  data 
compression  is  achieved  in  real  time  between  successive 
samp  1 e  s . 

The  Tolan  decorrelator  algorithm  is  defined  in  Figure 
8.  Close  examination  of  the  algorithm  in  Figure  8  reveals 
that  the  second  difference  data  is  stored  onj^y  if  ;  1)  any 

of  the  three  A*  values  are  nonzero  or  ;  2)  if  the  At  counter 
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records  more  than  127  repetitive  cases  where 

1  *  ~  1  was  chosen  due  to  the  h  i  i;  h  decree  if  l  .  ■  r  i  l  1  .  1  i 

between  the  leads  of  an  FK(*  (i.e.  when  one  lead  is 
changing,  so  are  the  others).  The  capacity  of  the  time 
counter  in  rule  2  was  arbitrarily  chosen  to  be  sufficient  to 
record  the  long  quiescent  periods  which  occur  in  the  I'KG 
(see  Figure  1)  and  short  enough  to  be  efficiently  stored. 

Step  12  of  the  Tolan  algorithm  in  Figure  8  calls  the 
variable  length  encoding  subroutine  (Figure  10)  which 
encodes  the  A*  terms  calculated  by  the  second  difference 
d e c o r r e  1  a  t  o  r  .  This  encoding  procedure  is  the  next  subject 
to  be  discussed. 

JoJl®.!!  En£  o  d££  .  The  Tolan  code  is  an  uniquely 

decodable  variable  length  code  which  stores  the  A*  values  as 

a  contiguous  sequence  of  binary  I's.  The  length  of  this 

''run'*  of  binary  I's  is  equal  to  the  magnitude  of  the  A* 

term.  To  delineate  between  the  ''runs’’,  binary  O's  are  used 

as  codeword  delimiters.  Since  the  second  difference  has 

both  negative  and  positive  values,  a  sign  bit  (0  for 

positive,  1  for  negative)  immediately  follows  the  0  bit 

2  2  2 

delimiter.  The  three  values  A  x,A  y,A  z  are  encoded  and 
stored  sequentially  followed  by  a  delimited,  7  bit,  un^oded 
At  value.  A  A  value  of  ^ero  is  indicated  by  3  successive  0 
bits. 
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.\x=0,  Ay=0.  Az  =  0.  At=l 


1  : 

2:  i(i)=(a/d  ch  0),y(i)=(a/d  ch  l),z(i)=(a/d  ch  2) 

3:  meni(0)=x(i)  ,mem(l)=y(i)  ,mem(2)=z(i) 

4:  X  (  i  +  1  )  =x  (  i  ) +A  X  ,  y  (  i  +  1 )  =y  (  i  ) +A  y  ,  z  (  i -r  1 )  =  z  (  i  ) +A  z 
5:  if  ready  for  next  sample  then  GOTO  6  else  GOTO  5 
6:  i=i+l,x(i)=(a/d  ch  0),y(i)=(a/d  ch  l),z(i)=(a/d  ch  2) 

7:  A*x  =  x(i)-2'(i),  A*y=y(i)-y(i),  A*z=z(i)-z(i) 

8:  if  A*x)tO  or  A*y^0  or  A*z/0  then  GOTO  11  else  GOTO  9 
9:  At=At  +  1 

10:  if  At  <.  127  then  GOTO  4  else  GOTO  12 
11:  Ax=Ax  +  A*x,  Ay=Ay  +  A*y,  Az=Az  +  A*z 

lit 

12:  go  subroutine  coder  {  A  x,A  y,A  z  ,At) 

13:  if  memory  is  full  then  STOP  else  GOTO  14 
14:  At=l 
15:  GOTO  4 
wh  ere 

X  (  i  )  ,  y  (  i  )  ,  z  (  i  )  ■=  sampled,  8  bit  precision,  EKG  data 

Ax,Ay,Az  =  first  difference  ( Ax ( n ) = x ( n ) - x ( n- 1 )  } 

A  x,A  y,A  z  =  second  difference  (A  x(n)=Ax(n)-Ax(n-l)) 

At  =  time  difference  between  nonzero  A*  values 
x(i  +  l),y(i  +  l),z'(i+l)“  next  predicted  data  points 

Fig  8.  Tolan  Collection  and  Decorrelation  Algorithm. 
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2  2  2 

As  an  example  of  Tolan  encoding, let  A  x=3  ,  A  y  =  -l,  A 
z=0,  At=13.  With  these  values,  then  the  code  string  generated 
i  s  : 


DSVVVDSVDSDTTTTTTTD 

0011101100000011010 


where 


D  =  Delimiter  bit 
S  =  Sign  bit 
V  =  Value  bit 
T  =  Time  bit 

Examination  of  the  above  sequence  shows  that  the  A* 
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codewords  arc  prefix  codes  as  shown  in  the  tree  diagram  of 
I  1  .  ^  .  To  decode  the  sequence  c  o  r  r  t  c  t  1  y  ,  h  o  w  e  e  r  ,  it  is 

imperative  that  codeword  synchronization  be  maintained  in 
order  to  determine  when  the  coded  values  end  and  the 

nneoded,  7  bit  At  variable  starts.  This  loss  of 
synchronization  is  detected  by  the  ''error''  state  shown  in 
the  code  tree  of  Figure  8.  The  decoder  which  implements  the 
code  tree  in  Figure  9  will  not  be  discussed  here  but  is 
listed  in  Appendix  C. 

In  contrast  with  the  Huffman  code  (see  chapter  2  and 
Ref  16)  and  the  Dower  code  to  be  discussed,  the  Tolan  code 
i  s  S.  o  i  constructed  using  the  apriori  knowledge  of  the  source 
word  (i.e.  A*x,A*y,A^z)  relative  frequency  of  occurrence. 
This  means  that  the  Tolan  code  will  only  produce  bit 
compression  (bits  out/bits  in/<  1)  if  the  A*  values  are 

around  a  mean  of  zero  such  that  fev/  code 
words  exceed  the  8  bit,  fixed  length  value  of  the  A*  terms. 
As  will  be  shown  in  chapter  5,  the  second  order  difference 
decorrelator  does  produce  such  a  sharply  peaked  relative 
distribut ion. 

The  algorithm  which  implements  the  Tolan  variable 
length  coder  is  shown  in  Figure  10.  This  algorithm  works  in 
conjunction  with  the  Tolan  de correlator  in  Figure  8. 
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1  ;  entry  ( A  ^  x , A  '  y , A ' x , A  t  ) 

2  :  c n  t  4-  0 

3:  reset  current  memory  bit,  increment  bit 
4:  if  end  of  memory, set  eom  flag  and  RETURN 
5:  cnt  4-  cnt  +  1 
6;  if  cnt=l  then  tvar  4-  A^x 

7:  if  cnt=2  then  tvar  4-  A^y 

8:  if  cnt=3  then  tvar  4-  A*z 

9:  if  cnt  1  4  then  GOTO  18  else  GOTO  10 

10:  if  tvar  >  0  then  GOTO  11  else  GOTO  12 
11:  reset  memory  bit,  increment  bit  counters 
12:  set  memory  bit,  increment  bit  counters 
13:  if  end  of  memory, set  com  flag  and  RETURN 
14:  if  tvar=0  then  GOTO  5  else  GOTO  15 
15:  set  memory  bit,  increment  bit  counters 
16:  if  end  of  memory, set  eom  flag  and  RETURN 
17:  tvar  4-  tvar  -  1  and  GOTO  14 
17:  store  7  bit  At  counter  to  memory,  update 
18:  if  end  of  memory, set  eom  flag  and  RETURN 


Fig  10.  Tolan  Variable  Length  Encoder  j.  1 


pointers 
else  GOTO  5 


and  GOTO  13 

else  GOTO  14 

else  GOTO  17 

bit  pointers 
else  RETURN 


g  o  r  i  t  h  m  . 
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0:  S  l.un'  01-  IJATA  Un.U'.n  iON  AM)  DHXjlUyi^VnON 

1 ;  nAG=Tra=i)rr=nxi=nYi-r)Zi  =nx2=nY2=n'/2=rH)x=ra)y-ra)z=CsT=o 

2:  If  sample  interrupt  detected  then  GOTO  3  else  GOTO  2 
3:  X(n)  <-  A/n  OI  0.  Y(n)  X-  A/D  QI  1,  Y(n)  A/D  Gl  2 
4:  CNT=OJT  +  1 

5:  If  cm"  =1  then  GOTO  6  else  GOTO  7 

6:  X(n-l)  ■(-  X(n),  Y(n-l)  Y(n),  7(n-l)  X-  Z(n)  and  GOTO  2 
7:  If  CNT  =2  then  GOTO  8  else  GOTO  13 

8;  DXl  <-  X(n)-X(n-1)  TOYI  Y(n)-Y(n-1)  ,DZ1  4-  Z(n)-Z(n-1)  .ITT  4-  DT+1 
9:  If  DXl)tO  OR  DYlffcO  OR  DZl/0  OR  DT  >  127  then  GOTO  11  else  GOTO  10 
10:  CNT  4-  1  and  GOTO  2 

11:  TIYT  DT-63.  X(n-2)  4-  X(n-l)  .  Y(n-2)  4-  Y(n-l)  ,  Z(n-2)  4-  Z(n-l) 

12:  X(n-l)  4-  X(n) ,  Y(n-l)  4-  y(n),  Z(n-l)  Z(n)  DT  4-0  and  GOTO  2 
13:  DX2  4-  X(n)-X(n-1)  ,PY2  4-  Y(n)-Y(n-1)  ,nZ2  X-  Z(n)-Z(n-1)  ,171'  4-  DT+1 
14:  If  DX2)tO  OR  DY2'itO  OR  DZ240  OR  DT  >  127  then  GOTO  16  else  GOTO  15 
15:  CNT  4-  2  and  GOTO  2 

16:  DDX  4-  DX2-DX1,  DDY  -f-  DY2-DY1,  DDZ  4-  DZ2-PZ1 
17:  If  IdDxI  >  63  then  GOTO  18  else  GOTO  21 
18:  DUJK(n)=.25X(n-l)+,75X(n) 

DUJK(n-l)=.25X(n-2)+.5X(n-l)+.25X(n) 

DlBa(n-2)=,75X(n-2)+.25X(n-l) 

19:  X(n)  4-  DU?K(n) ,  X(n-l)  4-  DUNX{n-l) ,  X(n-2)  4-  DUNX(n-2) 

20:  DXl=X(n-l)-X(n-2) .  DX2=X(n)-X(n-l)  and  GOTO  16 


Fig  11-a.  Dower  Collection  and  Decorrelation  Algorithm. 
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;i:  If  IdDVI  >  63  then  CCriU  22  else  GOTO  25 
22;  I)U?ri’(n)  =  .25Y(n-l)  +  .75Y(n) 

Dl!MY(n-l)  =  .25Y(n-2)  +  .5Y(n-l)4.25Y(n) 

DirMl'(n-2)  =  .75Y(n-2)  +  .25Y(n-l) 

23:  Y(n)  4-  DlTMY(n) ,  Y(n-l)  ■<-  DU>ri'(n-l)  .  Y(n-2)  4-  DmiY(n-2) 
24:  DYl=Y(n-l)-Y(n-2) ,  DY2=Y(n)-Y(n-l)  and  GOTO  16 
25;  If  IdDZI  >  63  then  GOTO  26  else  GOTO  29 
26:  DU'.K(n)  =  .25Z(n-l)  +  .75Z(n) 

DUJlZ(n-l)  =  .25Z(n-2)  +  .5Z(n-l)  +  .25Z(n) 
DUMZ(n-2)=,75Z(n-2)+.25Z(n-l) 

27;  Z(n)  4-  DUMZ(n),  Z(n-l)  4-  DlI?E(n-l) .  Z(n-2)  4-  DUIE(n-2) 
28;  DZl=Z(n-l)-Z(n-2) ,  nZ2=Z(n)-Z(n-l)  and  GOTO  16 
29:  If  FLAG=0  then  GOTO  30  else  GOTO  31 
30:  \1JC  4-  (0:DX1,DY1,DZ1) 

31:  VLc  4-  (TTyr;Dnx.nnY,Dn2) 

32:  If  ^EK)RY  FULL  then  STOP  else  GOTO  33 

33:  X(n-2)  4-  X(n-l) ,  Y(n-2)  <-  Y(n-l) .  Z(n-2)  4-  Z{n-1) 

34:  X(n-l)  4-  X(n) ,  Y(n-l)  4-  Y(n),  Z(n-l)  Z(n) 

35 :  TOT  4-  OT’-63 ,  FLAG=1  and  GOTO  2 


Fig  11-b.  Dower  Collection  and  Decorrelation  Algorithm. 
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lli'li-.I  12^11  £.2BI1L£.A12.L 

.’he  Power  E  K  fi  c  o  n  p  r  e  s  s  i  o  n  technique,  like  the  1  o  1  ::  n 
method,  is  a  redundancy  reduction  procedure.  The  Dower 
compressor  combines  a  operation 
with  a  ^.e^ond  o^d^r  dj.X£e£^njc^  r£du^t^2on  transformation  to 
produce  a  decorrelated  residual  frame  sequence.  This 
residual  frame  sequence  is  then  compressed  by  a  specially 
tailored  variable  length  code  whose  average  codeword  bit 
length  approaches  the  entropy  bound  w2ihou_t  the  buffer 
overflow  problem  encountered  with  the  ''optimal''  Huffman 
code  . 


Second  Compression  Compressed 

Difference  Variable  Data 


and  Tables  Sequence 

Delta  t 
Histograms 


The  Power  data  collection  and 
i’  c  .  .  •  L  1  a  t  i  o  n  operation  (  F  i  f  u  r  c  11)  begins  with  a  zero  o  r  o  e  r 

time  compression  process  where  only  those  EKG  sample  values 
(x.y.z)  which  differ  from  the  previous  sample  (Ax  or  Ay  or 
Az^O)  are  saved  along  with  a  run  length  center  At,  This 
operation  produces  a  sequence  of  data  frames  (At:  x,y,z). 
Following  the  creation  of  the  data  frames,  a  second 
difference  wi^h  ^o  J[ra^m£  number  is  performed 

generating  a  sequence  of  second  order  difference  frames 
(At:  A^x,Afy,A£z). 

The  Dower  algorithm  operates  on  8^  b_i^  data,  hence  there 

are  256  potential  Ail!lboJ_s^  for  each  lead.  When  second 

differences  are  taken,  the  range  increases  to  1024 
2 

potential  A  symbols.  By  experimental  evidence,  Dov^er  and 

Berghofer  (Ref  12)  have  found  that  0  i'63A*  values  are 

sufficient  to  reproduce  all  but  the  fastest  EKG  artifacts 

(e.g., pacemaker  spikes).  The  variable  length  encoder, 

therefore,  is  designed  to  expect  127  source  symbols  (values) 

and  no  more.  To  insure  the  A*  dynamic  range  of  0±63  is  not 
2 

exceeded,  the  A  values  are  limited  by  a  preprocessor  shown 
in  steps  18-26  of  Figure  11.  This  preprocessor  is 
iterative,  and  modifies  the  three  sample  points 

which  produced  the  Ia*I  >  63  until  the  A*  value  falls  within 
the  encoder  range.  With  care  taken  to  record  the  necessary 
initial  conditions  (first  x,y,z  and  first  Ax, Ay, Az), this 
second  difference  frame  sequence  now  contains  all  the 
significant  information  in  the  original  sample  sequence  with 
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reduced  i.n  correlation. 

The  m  c  c  h  a  n  i  e  i'  f  t  h  e  !'  o  i-  t  r  d  e  c  o  >•  r  t  !  a  t  o  r  are  test 

illustrated  by  an  example.  Figure  13  shows  three 
hypothetical  sample  sequences.  By  applying  the  rules  in  the 
proceeding  paragraph,  a  set  of  zero  order  data  frames 
(At:x,y,z)  is  formed.  That  is: 

(0:0. -1.2)  .(0:1. 1.1)  .(0:3, 2. 3)  ,(0:4. 3.1)  ,(3:3, 1.-3)  ,(0:1. 0-1) 
(0:-l .-1 .-2)  . (0 : -2 .-2 ,-l)  ,  (4 : -3  .1  .-1) 

To  complete  the  correlation  reduction  process,  the 
second  difference  with  respect  to  frame  number  must  now  b 
performed.  This  results  in  the  set  of  second  differenc 
frames(At:  ^  £  x  ,  fy  ,  z)  shown  below. 

(0:0, -1.2)  ,(0:1, 2,-1)  I  (0:1, -1,3)  .(0:-l,0,0)  ,(3:-2.-3,-2;  , 

(0: -1.1, 6), (0:0, 0,-3), (0:1, 0,2). (4:0, 4,-1) 

The  data  sets  preceeding  the  verticle  bar  are  the  inj,^ a.JL 
£ondi_t_ion^  necessary  for  reconstruction.  The  first  data  set 
is  the  first  zero  order  time  compression  sample  frame.  The 
second  frame  is  the  between  the  first  tv/o 

zero  order  data  frames. 


9 


Fig  13.  Three  hypothetical  sample  sequences. 
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Q.2}!lS.L  £llt.£0£i  £££  o  d  e  r  .  The  Dower  entropy  encoder  also  uses 
variable  length  codes  for  'he  second  stage  of  the  I  0  d  a  a 
compressor.  The  Dower  code,  however,  is  significantly 
different  than  the  prefix  code  used  in  the  Tolan  compression 
me  thod  . 

As  was  mentioned  previously,  the  Dower  VLC  is 
configured  for  127  source  symbols  (8  bit  A*  values).  Unlike 
the  Tolan  code,  however,  the  Dower  VLC  does  n^^  perform  a 
1:1  mapping  between  a  single  source  symbol  and  a  single  code 
symbo 1  . 

In  the  Dower  coder,  the  source  symbols  (A*^)  are  mapped 
onto  the  of  ^  bit  accumulator  (A),  This 

state  space  is  partitioned  into  s^yinhol.  r££_ionj^  which  are 
assigned  according  to  the  probability  of  occurrence  of  the 
source  symbols.  The  Hze  (IIr.||)  of  the  symbol  region  Rj 
is  given  by  the  relation 

=  dsi  =  +  =  Pr(A-)  1  6384  (  2  4) 


where  s 


is  the  ini^ia^l  of  and  is  the  initial 


state  of  j  .  The  initial  state,  Sj  ,  is  also  determined 
by  symbol  probability.  The  symbol  regions  R  corresponding 
to  thos  symbols  which  occur  of^en  arc  assigned  to  the 
low  end  of  the  state  space  range  such  that  if; 


Pr(A*)  >  Pr(An)  >  Pr(A*)  >  Pr(Aj) 


then 


•IR^II  >  llRjl  >  Hr^JI  >  Mr.  II 

and 

®k  >  Sn  >  >  Sj 

This  relationship  is  illustrated  in  Figure  14.  For  those 
a.i  symbols  which  do  no  o^£Ux,  1  state  is  always 

assigned  . 


1 

Rm 

Rn 

Rk 

1 

> 

;n 

*k 

0 

16  384 

Fig  14.  Example  of  State  Space  Partition  for  4  Symbols. 

The  physical  configuration  of  the  Dower  encoder  is 
shown  in  Figure  15.  As  can  be  seen  from  Figure  15,  the 
memory  storage  buffer  for  the  encoded  data  is  contiguous 
with  accumulator  and  all  accumulator  bit  shifts  (right  or 
left)  also  shift  the  £nii,i^  memory  buffer.  Right  shifting 
operations  always  shift  a  binary  0  into  the  most  significant 
bit  (MSB)  of  A. 
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14  Bit  Accumulator 

Memory  Storage  Buffer 

0-4l  OllOllOOOlOllOk- 

- >  011001011101001  ... 

Fig  15.  Dower  Encoder  Accumulator-Memory  Buffer  Interface, 

A  source  symbol  A  is  encoded  by  adding  the  value  Si  to 
the  current  contents  of  the  accumulator.  If  the  value  in 
the  accumulator  is  such  that  s^+a  >  2^*  »then  an  «.£  J_^hin  e^^j.  c^ 
condition  would  occur  with  a  corresponding  loss  of 
data.  To  insure  this  overflow  does  not  occur,  the 
accumulator  is  first  right  shifted  times  into  memory. 

The  value  is  the  !na,xXn!um  nuinb^r  oX  £i.£2li  .siliXi®  which 

would  ever  be  necessary  and  can  be  found  from  the 
inequal ity  : 

2""  <  2’^’(®i  +  i-Si)  <  2'’  .  (25) 

The  kj  values  are  tabulated  in  Table  I  for  various  values  of 
ds  =  Sj^^j-Sj  .  This  right  shifting  dXmXnX£h££  the  value  in 
the  accumulator  (i.e.,  divides  A  by  2  per  right  shift)  until 
the  value  in  A  can  be  safely  mapped  into  a  region  _  jhc 

initial  state,  Sj  can  now  be  added  to  A  without  overflow 
oc  c  nr  i  ng  . 

In  some  instances,  the  maximuai  shift  k.  would  not  be 
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-1  right  shifts  would  still  pre 


1  o  d  c  t  c  r  r  i  r.  c  .  c  n  t  1  i  £  s  i  t  u  i'.  t  i  o  n  c'  c  c  u  r  s  ,  a  1 1.  i  i  (' 
is  defined  where 

y i  =  ds-2  *  (26) 

the  £AM.X££  by  which  ds  exceeds  the  next 

ral  power  of  2. 


Table  I 

d e  Variables  Per  Accumulator  Partition  Size 


Partition 

Size 

k 

y 

ds  =  l 

WBMI 

0 

1 <ds  <4 

ds-2 

4<ds  <8 

d  s  -  4 

8<ds  <12 

ds-8 

16<ds  <32 

ds-16 

32<ds  <64 

9 

ds-32 

64<ds  <128 

8 

ds-64 

128<ds  <256 

« 

ds-128 

2  56  <ds  <512 

6 

ds-256 

512<ds<1024 

5 

ds-51 2 

1024<ds  <2048 

4 

ds-1024 

204 8<ds  <40  96 

3 

ds-2048 

4096  <ds  <81 92 

2 

ds-4096 

8192<ds  <  16  3  84 

1 

ds-81  92 

value  in  A  <  y  ^  after  the  initial  kj  shifts, 
o  many  right  shifts  occured.  A  is  then  l££l 

and  Sj  added  to  A  without  fear  of  overflow.  If 
a  full  right  shifts  were  required.  IC  insure 

'icicncy  in  the  next  encoding,  however,  the 
the  accumulator  in  state  space  map  should  he 
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I 


within  the  current  symbol  region.  This 
ri  i  justification  is  obtained  by  acJdinp,  4  to  A 

whenever  A  >  y. 

—  1  • 

By  use  of  the  variable  y^  maximum  efficiency  in  the 
number  of  right  shifts  (i.e.  information  bits  stored  to 
memory)  can  be  obtained.  Dower  and  Berghofer  (Ref  12) 
assert  that,  on  £h£  a.  v££  a££ ,  the  number  of  right  shifts  per 
source  symbol  will  approach  quite  closely  to  the  value 

~logjPf(^^)  which  is  the  illX  ODSAJti.  oH  ''content''  of 

the  value  (see  appendix  B)  . 

The  algorithm  which  implements  ihe  Dower  encoder  is 
shown  in  Figure  15.  This  algorithm  assumes  that  the 
variable  tables  for  7.  and  At  have  been  calculated 

from  the  second  difference  histograms. 

The  Dower  decoding  operation  is  just  the  inverse  of  the 
encoding  process.  For  decoding,  the  current  state  of  the 
accumulator  is  mapped  into  the  state  space  table  oX  ihe 
XT.AS®.  ^  A  t  ,  A  j,  ^  ^  y  ^  j  ^  Once  the  correct 

region  R^^is  determined,  then  is  subtracted  from  A.  If  A 

<  2y.  then  one  right  shift  is  performed  followed  by  kj  left 

shifts.  If  A  X  2y^  ,  then  yj  is  subtracted  from  A  followed 

left  shifts.  For  a  more  detailed  example  of  the  Dower 
encoding/decoding  operation,  the  reader  is  referred  to  Dower 
and  Berghofer  (Ref  12)  . 

Although  conceptually  more  difficult  than  the  Tolan 
VLC,  the  algorithmic  structure  of  the  Dower  entropy  encoder 
is  only  slightly  more  complex.  As  was  shown  above,  the 
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Bo>ver  VLC  can  be  implemented  solely  with  shifting  and  table 


1  I.)  o  1:  up  operations.  The  l'>  o  w  e  r  method  does,  however,  require 

that  £ode  _t£bi.££  ^*i»^i«yi)  constructed  prior  to  the 

encoding  process. 

1:  Entry  (At ,A*x,AfY,AfZ) 

2;  IF  this  is  the  first  frame  stored  then  Acc-<— 0  else  GOTO  3 
3;  DDV’AR  •<—  At,k-^  k(At),s-(—  s(At),y<—  (At) 

4:  RIGin’  SHUT  Acc  k  times 

5:  IF  Acc  <  y  then  GOTO  8  else  GOTO  6 

6;  LEFT  SHIFT  Acc  once 

7 :  Acc  -f"  Acc  +  s  and  GOTO  9 

8:  Acc  4-  Acc  +  s  +  y 

9:  IF  memory  is  full,  then  SET  eom  flag  and  RETORN  else  GOTO  10 

10:  IF  nDVAR=At  then  GOTO  11  else  GOTO  12 

2  2  2  2 
11:  DDVAR  A^X  ,k  <-  k(AfX)  ,s  s(AfX)  ,y  4-  y(AfX  )  and  GOTO  4 

12:  IF  Din'AR=A^X  then  GOTO  13  else  GOTO  14 

13:  DDVAR  4-  A^y,k  -f-  k(AfY)  ,s  -0-  s(AfY)  ,y  <-  y(AfY  )  and  GOTO  4 

14:  IF  DnVAR=A^Y  then  GOTO  15  else  RETORN 

15:  DDVAR  A^Z  ,k  <-  k(A^Z)  ,s  -f-  s(AfZ)  ,y  4-  y(A^7.  )  and  GOTO  4 

Fig  16.  Dower  VLC  algorithm. 


56 


ToJ^n 

The  s  i  m  i  1  a  r  i  t  e  s  and  differences  b  c  t  vi  e  c  n  the  T  o  1  a  n  arc' 
Dower  EKG  compression  techniques  are  now  discussed.  The 
d e c o r r e 1  a t or s  arc  compared  first. 

Both  the  Dower  and  the  Tolan  d e c o r r e 1  a t or s  use  a  sceond 
difference  technique  where  £ini£  used  to 

eliminate  the  storing  of  the  most  common  value  of  zero. 

The  Tolan  algorithm,  however,  continuously  calculates  the 
second  difference  and  applies  these  differences  to  the  Tolan 
VLC.  If  a  long  ''run''  of  A*  =0  values  occur,  the  Tolan 
encoder  overflows  at  At=128.  This  run  counter  overflow 
forces  a  storage  ''dump''  to  the  VLC  with  a  resultant  loss 
in  efficiency. 

The  Dower  decorrelator  approaches  time  compression 
slightly  differently.  In  the  Dower  algoritlim,  only  those 
sample  points  where  the  EKG  data  was  changing  (i.e., 
Ax.or.Ay.or.Az^O)  are  saved  forming  data  frames.  A  second 
difference  with  respect  to  frame  number  is  performed  and 

the  Aj«s  and  At  are  fed  to  the  VLC.  Although  this  frame 
methodology  appears  more  efficient  than  the  Tolan  technique, 
the  Dower  decorrelator  is  still  constrained  by  a  maximum  At 
of  127  (i.e,,  maximum  Dower  VLC  code  range).  On  the  basis 

of  this  analysis,  is  appears  that  both  the  Tolan  and  tlic 
Dower  d e c o r r e 1  a t or s  have  similar  performance. 

Since  the  Tolan  and  Dower  decorrclators  appear  about 
equally  efficient,  the  real  compression  pa\off  is  in  the 
variable  length  encoders.  In  the  Tolan  VLC,  core  v.v'rds  as 
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long  as  1024-*-2  bits  are  feasible.  These  long  codewords 
V.  .  . '  • .  !  \  o  c  e  i;  r  if  an  extremely  1  ;■  r  f  e  are  fast  '  '  s  j  ■  i  k  e  ’  ' 
(e.g.  a  pacemaker  pulse)  appeared  in  the  data.  In  the 
population  as  a  whole,  spikes  of  this  magnitude  occur  very 
infrequently.  Nevertheless,  the  Tolan  compression 
efficiency  will  degrade  seriously  in  an  enviroment  where 
''impulsive''  artifacts  appear. 

The  Dower  VLC  is  designed  to  minimize  sensitivity  to 
impulses.  In  the  Dower  system,  the  VLC  is  configured  such 
that  the  1_  £  !I.S£.  s_t  £0  d^wo^d  (i.e.,  the  number  of  right  shifts 
to  memory)  is  14  bits.  Extremely  large  signal  spikes  are 
numerically  filtered  to  reduce  their  second  difference 
within  the  0±  63  range.  Such  drastic  limiting  action  would 
occur  infrequently,  however,  and  not  seriously  affect  the 
reproduction  of  the  EKG. 

As  an  example  of  their  performance,  let  a  second 
difference  of  45  be  encountered  by  both  the  Tolan  and  Dower 
encoders.  The  Tolan  VLC  would  require  47  bits  to  encode 
this  data.  The  exact  codeword  size  of  the  Dower  routine  is 
dependent  on  the  A*  =45  probability  of  occurrence. 
Nonetheless,  the  ''codeword''  is  always  ^  14  bits  long  ;  an 
obvious  increase  in  efficiency  over  47  bits. 

A  calculation  of  the  performance  differential  between 
the  Tolan  and  Dower  routines  will  be  estimated  in  chapter  5. 
For  now  it  is  sufficient  to  say  that  the  [tower  I'KG 
compressor  outperforms  the  Tolan  method.  A  short  sxt,  opsis 
will  now  be  made  of  two  other  EKG  comprcssii'n  tieViiicims. 
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Two  other  FKG  compression  techniques  were  discovered  by 
this  author.  The  first  is  referred  to  as  the  Turnj_n^  PplSl 
M^ihod  and  is  discussed  in  reference  32.  The  second  method 
is  currently  in  use  by  Marquette  Electronics  for  data 
compression  in  a  commercial  EKO  ''cart''.  The  Turning  Point 
technique  is  presented  first. 

XpXPX  AiPPiXiXS  •  The  turning  point  algorithm  is,  by 
definition,  a  2:1  data  compressor  where  one  of  two 
consecqutive  sample  points  is  discarded.  The  algorithm 
which  determines  which  sample  point  is  discarded  is  as 
follows.  The  first  sample  point  is  stored  and  assigned  as 
the  reference  point  q-jj  ^  next  two  consecqutive  points 

become  and  Xi  ,  With  3  sample  points  there  .are  8 

''paterns''  or  combinations  which  reflect  the  ''trends''  in 
data  (see  Figure  17).  The  Turning  Point  algorithm  stores 
the  circled  point  (Figure  17)  which  becomes  the  new 
reference  point  _  The  point  not  circled  (Xi  or  X  z  )  is 

discarded.  The  next  two  points  are  sampled,  their  values 
are  assigned  to  ,  and  the  process  repeated. 
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It  can  be  s  h  o  v;  n  (Ref  3  2:6.5  9-6.65)  t  li  a  t 


‘f^^2-Xi)*(Xi-Xo)<0  Xo=Xi 
if  (Xj  -  Xi)*(Xi  -  Xo)  10  Xo  =  X2 

hence  the  sign  of  the  product  of  consecqutive  first 
differences  determines  the  ’'signigicant''  point  to  be 
saved. 

The  advantage  of  the  Turning  Point  compressor  is  speed 
of  execution.  Execution  of  this  algorithm  on  even  the 
slowest  microprocessor  would  pose  no  problem  at  all.  The 
disadvantages  of  the  turning  point  routine  are  numerous, 
however.  First  the  routine  dj.^^^rds^  data  so  that 
reconstruction  of  the  original  sample  sequence  is  not 
possible.  In  this  regard,  the  Turning  Point  algorithm  fells 
in  the  class  of  Entropy  Reducing  (ER)  techniques  as  was 
discussed  in  chapter  2.  Second  no  attempt  is  made  to  use  the 
probabilistic  distribution  of  the  EKG  to  enhance  data 
compression  as  is  done  with  the  Tolan  and  Dower  routines. 
This  obviously  leads  to  inefficiency.  Finally,  this  routine 
only  produces  a  2:1  compression  ratio;  incredibly  poor  in 
relation  to  the  other  techniques  already  discussed  in  this 
thesis.  Only  where  the  s^imE  J.£  *.1  technique  is  necessary, 
would  the  Turning  Point  technique  be  beneficial. 

M  A^^orj^^hm.  The  Marquette  algorithm  was  developed 

by  Marquette  Electronics,  Milwaukee,  Wisconsin.  This 
similar  to  the  Dower  and  Tolan  algorithms  in  that  variable 
length  encoding  is  used  to  compress  the  out^iut  of  a 
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'  'difference  '  '  decorrelator. 

In  contrast  to  tie  Dower  and  T  o 1  a  n  techniques,  tee 
Marquette  compressor  only  calculates  the  first  difference 
for  input  into  the  VLC.  The  Marquette  variable  length 
encoder  stores  the  first  difference  data  as  1,3, 5, or  7 
ni.bbj.^^  where  a  nibble  is  defined  as  4  bits.  These  nibble 
codes  are  arranged  as  follows: 


oJ[  DiXX ® 

(-7,7) 

( -127 , 1 27 ) 

( -2047  ,2047  ) 
(-3  27  67  ,  3  27  67) 


£^4^  in  ^i44inn 

1 

3 

5 

7 


To  encode  the  first  differences,  and  delineate  between  code 
words,  the  folio  v/ing  rules  apply; 

1)  Differences  must  be  coded  on  the  smallest 
possible  range,  and  attempts  to  encode  a 
difference  of  +5,  for  example,  using  more  than  1 
nibble  will  result  in  a  decoding  error. 

2)  Single  nibble  codes  are  difference  plus  8.  A 
nibble  value  of  zero  does  not  occur. 

3)  Three  nibble  codes  start  v/ith  a  single  zero 
nibble.  The  remaining  two  nibbles  are  obtained  as 
follows ; 

(1)  Positive  Differences  +8 

(2)  Negative  Differences  +7 

4)  Five  nibble  codes  start  with  two  zero  nibbles. 

The  remaining  three  nibbles  are  obtained  as 
follows: 

(1)  Positive  Differences  +128 

(2)  Negative  Differences  +127 


5)  Seven  nibble  codes  start  with  three  zero 
nibbles.  The  remaining  four  nibbles  are  obtained 
as  follows: 


(1)  Positive  Differences  +2048 

(2)  Negative  Differences  +2047 

6)  The  sequence  of  nibbles  in  a  code  starts  with 
the  zero  flag  nibbles  (if  any)  followed  by  the 
most  significant  through  least  significant 
nibble. 

The  above  set  of  encoding  rules  were  obtained  from  Mr.  Tom 
Divers,  Marquette  Electronics  project  engineer  (Ref  11). 

From  their  own  analysis,  Marquette  has  shown  (Ref  11) 
that  at  a  250  Hz  sampling  rate,  89.1  percent  of  the  first 
differences  fall  within  the  ±  7  range  with  99.8  percent 
falling  within  a  ±  127  range.  Marquette  reports  that  at  an 
A/D  precision  of  10  bits,  an  average  of  4.89  bits/sample 
(across  the  total  EKG  population)  is  obtained  with  their 
compression  routine. 

The  Marquette  EKG  compression  appears  to  v/ork  well, 
even  with  a  first  order  difference  correlation  reducer.  The 
Marquette  variable  length  encoder  ,  ho  v/ ever,  is  tailored  to 
the  8  bit  ASCII  data  communications  environent  and  is  noi 
''optimum''  in  any  sense.  The  Marquett  VLC  does  perform 
''exact''  redundancy  reduction  entropy  compression  with 
sufficient  efficiency  to  make  this  encoding  scheme 
commercially  viable. 

Ch a^£ t^^r  I. I,X  Summ£ r^r . 

This  chapter  has  looked  in  detail  at  two  IKG  data 
compression  techniques  which  perform  ’’exact  ’’  redundancy 
reduction.  The  Tolan  routine,  which  was  implemented  by  this 
author  (see  chapters  4  and  5)  decorr elated  the  s. ample 
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sequence  data  by  performing  a  second  order  time  compression 
operation.  The  residual  sequence  resulting  ficr-  tie 
decorrelator  was  ''compressed''  by  a  uniquely  decodable 
variable  length  code  which  was  shown  to  be  ''suboptimal'' 
with  respect  to  the  ''optimal''  Huffman  code. 

The  Dower  compression  technique  al.o  performed  a  second 
difference  operation,  but  proceeded  the  second  order 
''differencer''  by  a  zero  order  time  compressor.  Th  e  Dower 
zero  order  time  compressor  produced  a  sequence  of  ''data 
frames''  which  in  turn  were  converted  to  a  sequence  of 
second  order  difference  frames  with  respect  to  frame 
number.  Since  the  Dower  VLC  limited  the  At  time  compression 
counter  to  a  maximum  of  127  (as  did  the  Tolan  VLC),  input 
symbols,  the  Dower  and  Tolan  decorrelators  were  considered 
to  perform  equally  well.  The  Dower  entropy  encoder  was  also 
shown  to  be  a  variable  length  coding  operation  but  not  a 
''prefix''  code  as  was  the  Tolan  VLC.  The  Dower  VLC  maps 
decorrelator  ''symbols''  into  the  ''state  space''  of  14  bit 
accumulator  which  encodes  data  by  adding  the  initial  address 
of  a  symbol's  state  space  region  to  the  accumulator.  To 
prevent  accumulator  overflow,  the  accumulator  data  is 
shifted  out  to  a  memory  storage  buffer.  The  ''number  of 
shifts''  necessary  to  prevent  accumulator  overflow  represent 
the  codeword  size  and  it  was  shown  that  the  Dower  VLC 
approached  the  ''entropy''  bound  of  the  decorr elated  input 
sequence . 

The  chapter  was  concluded  by  a  synopsis  of  two  other 
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EKC  coEipression  techniques.  Tlic  first  of  these  two,  the 
Turn  in  j;  Point  algorithn,  was  shown  to  be  of  r.  aipinal  r.  se 
because  it  is  not  an  ''exact'*  technique  and  produces 
compression  of  only  2:1.  The  second  technique,  however, was 
the  Marquette  compression  system  and  it  was  shown  to  produce 
acceptable  compression  worthly  of  commercial  application. 

From  the  available  algorithms,  the  Dower  compression 
technique  has  the  capacity  to  produce  the  best  ''exact'' 
compression  of  any  of  the  techniques  studied  in  this 
chapter.  An  interesting  experiment  would  be  the  combining 
of  the  second  order  interpolator  (discussed  in  chapter  2) 
used  by  Huttiman  and  Pipberger  (Ref  28)  and  the  variable 
length  encoder  used  by  Dower  (Ref  12).  This  combination 
should  prove  to  be  very  powerful  and  effective  and  is  left 
for  futher  study. 

The  next  chapter  in  this  thesis  discusses  the 
configuration  of  the  FKG  Da^t^a  Ac£a_is^^20n  and  An^_ly^_i^  Sy.Ai.tl!: 
assembled  b}'  this  author  to  test  the  Tolan  EKG  compression 
algorithm. 
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IV  . 


The  EKG-Data  Acquisition  and  Analysis  flystem  (EKO-DAAS) 
was  assembled  for  this  thesis  as  the  testbed  on  which 
experimental  EKG  data  could  be  acquired,  compressed, 
analyzed, stored,  and  reconstructed.  The  EKG-DAAS  design  can 
be  separated  into  the  categories  of  hardware  and  software. 
The  hardware  is  discussed  first. 


EKG-DAAS  Hardware. 


The  EKG-DAAS  was  constructed  around  the  Motorola 
Exorciser  microcomputer  (appendix  E)  which  uses  a  6800 
microprocessor  for  its  central  processing  unit  (Cl’U).  In 
the  EKG-DAAS,  the  Exorciser  is  configured  witli  32  kilobytes 
(K)  of  read/write  (RAM)  memory  and  16  K  of  read  only  memory 
(ROM),  In  addition,  the  Exorciser  was  equiped  with  the 
EXBUG  debuging  module  w’hich  allowed  interactive  program 
debugging  with  p r e s e 1 e c t a b  1  c  software  breakpoints,  execution 
tracing  modes,  and  CPU  register  display. 

To  provide  extended  memory,  a  Midwest  Scientific 
Instruments  (MSI)  FD-8  Disk  Memory  unit  was  interfaced  to 
the  Exerciser  and  provides  approximately  290  K  of  online 
user  memory.  The  FD-8  is  accessed  by  a  MSI  Disk  Operating 
System  (DOS)  and  communicates  with  the  CPU  via  a  MEX6820 
Input/Output  Module  installed  in  the  Exorciser  chassis. 
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Terminal  input/output  (I/O)  is  accomplished  by  means  of  a 


s  ;  a  n  d  ;i  r  d  T  S  -  2  2  2  serial  i  n  l  e  r  f  a  i-  e  1:  i  c  h  a  s  s  -.v  111!,  s  e  1  e  e  t  a  1  1  i. 

baud  rate  from  110  to  9600  baud.  In  the  F.  KG-OAAS 
configuration,  the  Exorciser  serial  ''port''  was  connected 
in  parallel  with  a  Heathkit  II -14  dot  matrix  line  printer  for 
program  listings  and  data  printouts. 

Data  I/O  was  accomplished  by  means  of  a  Sinetrac 
ST-6800  Analog/Digital-Digital/Analog  (A /  D-  D- A)  converter 
module  which  samples  and  digitizes  analog  data  to  12  bit 
precision.  The  ST-6800  has  the  capability  of  sampling  32 
distinct  analog  channels  (A/D)  as  well  as  output  2  channels 
(D/A)  with  simple  memory  addressed  LDA  (load)  and  STA 
(store)  instructions.  For  the  EKG-DAAS,  the  ST-6800  was 
setup  for  1  5  volt,  2's  compliment  data  and  v,  a  s  addressed 
(A/D  ch  0)  at  E400  Hexadecimal  (flex).  The  internal 
configuration  of  the  Exorciser  as  used  in  the  EKG-DAAS  is 
illustrated  in  Figure  18. 

To  uniformly  sample  the  EKG  input  data  via  the  ST-68no 
required  the  use  of  an  external  _i  n  as  is  shown 

in  Figure  19.  This  timer  allowed  data  sampling  rates 
between  300  and  700  Hertz  but  for  the  duration  of  this 
research  was  set,  and  calibrated,  at  500  Hertz.  The 
interrupt  was  interfaced  to  the  Exorciser  via  an  inteirupt 
line  on  the  ST -6800. 

Considerable  problems  arose  in  this  thesis  duo  to 
hardware  problems  associated  with  the  I'D -8  Disk  Memory.  The 
original  configuration  of  the  EKG-DAAS  used  two  FD-8  systems 
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Fig  19.  EKG-DAAS  Hardware  Ton  figuration 


Further  information  concerning  the  Exorciser's  hardware 
capability  can  be  obtained  in  appendix  E  and  reference  22. 
Attention  is  now  turned  to  the  EKG-DAAS  software. 

S  oXlw  a£^  . 

The  EKG-DAAS  software  was  written  in  6800  assembly 
language  and  controls  all  aspects  of  terminal,  dish  niunorj-, 
and  A/D-D/A  operation.  The  EKG-DAAS  programs  ci'nsisl  of 
approximately  4  3^0  0  l.i.n£^  of  assembly  language  and  arc  listed 

in  appendix  C. 

The  software  used  in  the  EKG-DAAS  was  written  in  6800 
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assembly  language  for  two  reasons:  1)  no  b_i£h  order  languare 
M'  \I,  ,  F(1";  ’  1  ■  ;-N  Iln'-lc-  on  1’.  reiser  :  ’  : 

2)  speed  limitations  imposed  by  the  thesis  requirement  for 
jon^J^n^  ,  EKG  data  compression  made  it  imperative 

that  the  compression  programs  run  as  fast  as  possible.  The 
laborious  task  of  writing  and  testing  assembly  language 
slowed  software  development  to  the  point  where  only  one  F,  Kfi 
data  compression/reconstruction  routine  (Tolan)  was 
completed. 

The  F-KG-DAAS  software  is  integrally  tied  to  the  MSI  DOS 
(Ref  23).  All  disk  I/O  operations  initiated  by  the  F. Kti-IIAAS 
routines  flow  through  the  MSI-DOS  and  hence  the  DOS  must  be 
''live''  somewhere  in  memory.  To  insure  that  the  DOS 
routines  are  always  available,  the  DOS  was  disassembled  and 
relocated  in  high  memory  ROM  (C400  Ilex). 

The  basic  flow  of  EKG -HAAS  program  control  is 
illustrated  in  Figure  20.  The  F,  KG- DA. AS  software  is  broken 
into  ov^Xi.3.y^d  modules  which  are  called  into  memory  and 
executed  by  EKG-EXIX  and  DISPLAY.  The  basic  memory  map  and 
overlay  structure  is  illustrated  in  Figure  21. 

As  can  be  seen  in  Figure  21,  extensive  m£m££v 
was  required  in  order  to  allow  a  sufficiently 
large  memory  buffer  for  the  EKG  data.  As  configured  in 
Figure  21,  the  EKG-DAAS  could  collect  11.6  stconds  of 
un£om£rjes^^qd  (3  leads, 8  bits /  lead,  500  samples/' sec)  l/KG 
data.  For  compression  with  the  Tolan  algorithm,  a  maximum 
of  26.2  seconds  of  data  (TA1359PA,  appendix  D)  was 
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Fig  20  EKG-DAAS  Software  Control  Flow  graph. 


71 


A  d  il  r  e  s  s 
0000 
0  100 

0500 


1  noo 

2400 

3000 

3200 

3400 
3  5  00 

3700 

3900 

3150  0 

3C00 


8000 

C400 

DOOO 
F  0  00 

FCOO 


■  e  n  o  r  y  S  o  !  I  w  a  r  e  Overlays 


.  01  SPl.AV 
.  .  NO  CPUS 
.  .TOI.AN 


.  .  OF  CPPvS 


PRSTAT 


.  .  P.KO-FXFC 

.  ..OISK  OPFRATINO  SYSl'F’l 
....OOS  VARIARLP.  PIIFFFR 
.  . MRASIC 

T..  memory  file  IIF.AOF.R 
.  .  . CH  X  HISTOORAM 
...,Cn  Y  If  I  STOOL 
...cn  Z  IIISTOGP.AM 
..OELTA  TIME  llISTOCiRAM 


.  .BASIC 
PROMS 


.  .FKO  DATA  RFl  Fr,!’ 


1.. F,PROM  OPFRATINC  SYSTEM 

1.. EXRRO  OF.RI’COIR 


Fig  21.  I'  K  (1  -  0  A  A  S  Overlay  S  t  r  u  e  t  u  r  e  and  .  e  ::i  o  r  \ 


2 


col  1  e  c  t  e  cl  . 


1  i  l  !i  I  c.  c  I'.  :4  ,  t  I  cl'....  i  ;  l  ..  ■.  I  !  i'  -  ! '  ‘  ^  s  c-  T  I  ■  '  ' 

defined,  this  chapter  will  now  examine  the  components  of  the 
EKG-DAAS  software  in  more  detail.  In  the  next  section  of 
this  chapter,  a  software  module  will  be  described  along  with 
a  simplified  flowcliart  of  that  module's  operation. 


F  K  (I  -  r  X  F  r  . 


F  K  G  -  F.  X  !■  C  is  t  h  e 


e  X  e  c  t  u  i  V  t*  c  o  n  n  a  ii  d  module  w  h  i  c  h 


1.  V'  n  L  I  V  i  s  L  h  c  e  X  e  e  e.  L  1  o  ii  l  i  o  ■  i  lie  i  ..  G  -  S  s  \  !  c ; :  .  '  '  ' 
input  of  a  command  number,  EKG-FXF.  C  loads  the  appropriate 
overlay  routine  into  the  program  work  buffei  (0100-11)00  Ilex) 
and  then  passes  control  to  that  overlay.  The  above  command 
and  control  operation  is  illustrated  in  Figure  22. 

In  addition  to  the  command  ''handler'',  FKG-FXFC 
contains  the  utility  subroutines  FILM  DR,  SAVFII.  ,  IIXASC, 
OVRLAY,  and  PDFPRT.  These  subroutines  are  described  as 
follows: 


FI^LPDR.  FILIIDR  clears  the  memory  data  buffer, 
initializes  the  statistics  buffer  variables,  and 
queries  the  console  for  data  such  as 
FILENAME , SUBJECT , DATE, etc  . 

SAVFJ[L.  SAVFIL  reads  the  filename  in  the  mcriory 
buffer  header  and  then  writes  the  memory  file  to 
disk.  Disk  I/O  is  passed  through  EOS 

sub  rout ines  . 

il^ASC  .  This  subroutine  converts  hexadecimal  data 
to  ASCII  for  display  on  the  terminal  and  pr  .iter 
devices. 

OVRL.AY  is  the  routine  which  actually 
performs  the  overlay  function.  After  an  overlay 
is  loaded  into  memory,  OVRL.AY  jumps  program 
control  to  tJie  overlay  program. 

PDFPRT.  PDFPRT  prints  the  amplitude  distribution 
to  the  terminal  device  (printer).  It  ho  ugh 

resident  in  E  K  G - F  X  E  C ,  PDFPRT  is  called  only  by  the 
DI  S  P  ..AY  module. 


INITIALIZE 


EKG-EXEC  Functional  Flov/chart 


N'OCPKS  is  a  data  acquisition  module  in  wliich  the 
r.  I'd  waveform  is  sampled  and  stored  data 
compression.  The  data  is  rounded  to  8  bits  from  12  bits. 
The  reason  for  this  rounding  is  explained  in  chapter  5. 

This  module  was  constructed  for  two  reasons  :  1) 
uncompressed  data  was  considered  ujeful  for  doing 
experimental  studies  on  potential  data  compression 
techniques  implemented  the  original  data  collection 
session  and  ;  2)this  module  was  the  structure  around  which 
the  Tolan  (and  potentially  other)  compression  routines  were 
built.  The  basic  operation  of  NOCPRS  is  illustrated  in 
Figure  23. 

As  is  seen  in  Figure  23,  NOCPRS  does  more  than  just 
sample  the  EKG.  Statistical  parameters  are  collected  and 
updated  during  an  EKG  data  collection.  These  parameters  are 
used  to  measure  the  r 1.  performance  of  the  compression 
(no  compression)  software.  A  detailed  description  of  these 
measurement  parameters  is  described  in  chapter  5. 
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Fig  23,  NOCPRS  F'unctional  I'lowchart, 
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nif’I’LAX-  DISPLAY  is  a  command  module  similar  in 

c  i.  1  ruction  to  !' !ai  -  1  .Xl-.  C  .  DISPLAY  controls  t  li  e  data 
modules  which  display  the  sampled  EKfi  data  and  data 
statistics  to  two  output  devices.  The  first  device  is  the 
terminal  (printer)  and  the  second  device  is  an 
oscilloscope.  The  basic  command  structure  of  DISPLAY  is 
shown  in  Figure  24.  DISPLAY  is  broken  into  5  working 

submodules.  These  modules  are  described  as  follows: 


EBSTAT.  This  submodule  reads  the  memory  file 
header  (3COO-3DOO  II  ex),  formats  the  statistical 
data  found  there,  and  prints  this  data  to  the 
terminal  (printer).  The  statiscal  data  in 
appendix  D  was  generated  by  Pit  ST  AT. 

EEEEEJ*  This  submodule  prints  the  memory  file 
histogram  tables  to  the  terminal  (printer). 
PDFPRT  output  is  also  listed  in  appendix  D. 

E  n  E  Q II Z  •  PDFOUT  scans  a  user  selected  lead 
histogram  (X,Y,Z)  and  formats  the  data  for  display 
to  an  oscilloscope.  The  data  is  output  via  D/A  ch 
0.  An  example  of  PDFOUT  output  is  found  in  Figure 
31  in  chapter  5. 

DECPR S  .  The  DECPRS  module  scans  the  memory  file 
header  and  identifies  the  compression  technique 
which  was  used  to  encode  the  data  in  memory.  The 
appropriate  d££omj2r£S^^2on  algorithm  is  then 
selected  and  the  data  decoded  and  output  on  D/A 
channel  0  . 

LOAD.  LOAD  initiates  a  data  file  load  from  disk 
memory  to  RAM.  This  load  is  performed  by  EOS 
routines  called  by  load. 
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DISPLAY  Functional  Flov/chart 


The  TOLAN  module  is  the  ''heart''  of  the  Fi  KG- 1)  A  AS 
1  ^  ;•  c  r  f  o  r  m  s  the  a  e  t  e  a  1  data  c  o  n  p  i-  e  s  s  i  o  i;  on  I  li  e  sample  d 
F.KO.  As  was  described  in  chapter  3,  the  TOLAN  algorithm 
first  performs  a  second  difference  time  compression 
operation  followed  by  a  variable  length  encoder.  The 
operation  of  the  TOLAN  compression  module  is  shown  in  Figure 
25  , 

To  detect  sample  clock  (or  CPU  clock)  drift,  time 
calibration  operations  are  performed  prior  to  and  after  the 
data  collection  run.  Other  statistical  data  parameters  are 
also  collected  allowing  post  collection  measurement  of 
compression  performance. 


8] 


!■■  i  g  2  5  h  .  T 0 1 ,  A  N'  !■'  u  n  c  t  i  o  n  a  1  I'  1  o  w  c  li  a  r  t 
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This  chapter  has  presented  an  overview  of  the  complex 
software  which  makes  up  the  EKG-DAAS.  The  reader  is 
referred  to  the  program  listings  in  appendix  C  for  a  more 
thorough  description  of  the  program  operation. 

The  software  structure  in  the  EKG-DAAS  was  written  in  a 
''Top  Down''  manner  and  all  attempts  have  been  made  to 
document  the  operation  of  each  routine.  Since  assembly 
language  is  difficult  to  read,  this  chapter  was  written  to 
assist  the  reader  in  understanding  the  basic  structure  of 
the  EKG-DAAS.  The  next  chapter  presents  the  results  of  the 
EKG  experiment  where  data  was  collected,  analyzed,  and 
compressed  by  the  EKG-DAAS. 


Karaev 
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compressed  and  uncompressed  formats  for  later  analysis  and 
reconstruction. 

Chapter  5  is  organized  as  follows.  First  the 
''experimental''  setup  is  described  along  with  a  description 
of  the  EKG  equipment,  collection  enviroment,  and  subject 
personnel.  Next  the  parameters  used  to  determine 
compression  performance  are  defined  folio  v;ed  by  the  analysis 
and  results  of  the  experimental  data.  I'inally,  the  chapter 
concludes  with  a  comparison  between  the  res^ul^^s^  obtained 
using  the  Tolan  compression  algorithm  and  the  £lilma.J_e^d 
fhe  Dower  technique.  Discussion  now  turns  to 
the  experimental  procedure. 

J!££££dure 

The  data  was  taken  from  a  set  of  nine  fellow  students 
during  a  laboratory  course  on  electrocardiograms.  The 
equipment  used  to  produce  the  F,  KG  was  the  model  DR -12 
research  recorder  built  by  Electronics  for  Med.  icinc, 
Inc.  (see  appendix  F).  The  DR-12  is  a  viTitag  c  medic.".! 
recording  system  built  in  the  late  I?50's  and  is  constructetl 
with  vacuum  tube  amplification  circuitr>-. 

The  personnel  used  for  test  subject  were  all  Air  Force 
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officers  in  good  pliysical  health. 


No  test  subjects  with 


\  it  1'.  s  V.  J  H  r  t  d  i  s-  s  e  v  .  v  e  i  •  e  d  ;;  1  I  I’U  ;  b  s  i  ;  i  r.  i  !  i  e  t  '■  ''  r 

variations  between  subjects  was  noted  (I'ig  27-29).  Output 
of  the  I')R-12  was  limited  to  one  EKG  signal  which  could  be 
switched  to  any  of  the  6  ''limb  leads''  (Ref  13:29-34)  by 
controls  on  the  DR-12.  The  electrodes  of  the  EKG  were 
applied  to  the  wrists  of  the  test  subjects  and  in  some 
cases,  not  all,  an  electrode  jelly  was  applied  to  reduce 
skin-electrode  resistance. 

Since  the  EKG-Data  Acquisition  and  Analysis  System 
(EKG-DAAS)  was  configured  for  a  3  lead  system,  the  X,Y,Z 
inputs  were  connected  in  common  and  the  single  signal 
available  from  the  DR-11  applied  to  this  connection.  A 
Brush  Instruments  Mark  II  recorder  and  a  Tektronics  Model 
465 M  Oscilloscope  were  used  as  analog  output  devices 
(Appendix  E).  The  display  instruments  were  connected  in 
common  with  the  A/D  inputs  as  is  shown  in  Figure  26. 

Prior  to  the  data  recording  session,  the  A/D  was 
calibrated  in  accordance  with  the  operating  manual  (Ref  8). 
The  A/D  was  configured  for  a  dynamic  range  of  of  -5.000 
volts  to  +4.9976  volts  with  2's  complement  binary 
representation. 

Th  e  actual  data  collection  proceeded  as  follow;..  I'irst 


the 
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Fig  26.  Experimental  J)ata  Collection  Setup. 


EKO-DAAS)  and  the  lead  with  the  least  ’’noisy'’  signal  was 
selected.  EKG-DAAS  was  then  executed  and  a  data  collection 
made  wj^^hou^  compression.  This  uncompressed  data  collection 
was  followed  as  soon  as  possible  with  another  ’’run’’  in 
which  the  Tolan  compression  algorithm  was  enabled. 
Follov/ing  both  data  collections  (uncompressed  and 
compressed),  the  raw  data  traces  freun  the  Brush  recorder 
were  annotated  with  the  time  and  subject  and  filed  'or  later 
data  comparison  with  the  reconstructed  v/aveform. 

The  data  was  stored  on  ’’floppy’’  diskettes  and 
processed  post  collection  for  the  entropy  and  maximum 

Before  the  results  o  i  these  data 
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compression  statistics. 


collections  are  presented,  the  compression  riccsurcment 

;  r  a;  .  :  .  .  v.  i  1  1  be  .  i'  i  ^  . 

IlKC  C£rn£X£ j.2S  M£.AAiiX£mxi>i  E£Xil!5£££il£. 

To  permit  determination  of  compression  performance,  a 

set  of  statistical  parameters  was  calculated  and  saved 
during  each  data  collection.  These  statistical  parameters 
are  described  as  folltiws; 

£  E  ll  .*r.  J.  £  i  5 E  T 1  £  £  •  This  statistic  vv  a  s  s  a  v  e  d  to 
determine  the  total  number  of  bits  that  were  input 
to  the  compression  stages.  The  total  number  of 
bits  were  calculated  by  (8  bits/sample)* 

3  leads)*(num  of  samples/lead). 

2ilil  .n  j.  1 1  £  J.  ££  £  £  i!£££££Il££  £X  £!£££.££.£.?.£•  Four 

frequencies  of  o  c  c  u  r  r  e  u  e  c  t  ;i  b  1  c  s  were  .  e  p  t  i  t  h 
double  precision  binary  c  o  u  n  t  c  r  s  .  o  1  1  o  w  i  n  g  the 
data  collections,  these  A  x  ,  y  ,  A  •/  ,  A 1  histogram 
tables  were  input  to  a  I!  A  S  I  C  program  (  F  A'  'i'  K  /’  V  ) 
where  the  entroiie  of  second  difference  '’source'' 
was  calculated. 

l££ili  i'.l  i££Il£  LSSP.  ££££££  D.£££££  ££l.i££lJ-££  ■  A 
counting  loop  was  established  in  t  li  i  0  f.  A  N 
compression  module  which  allowed  d  e  t  c  r  m  i  n  a  t  i  o  n  o  1 
the  percent  of  the  sampling  period  used  for  t  it  e 
compression  and  statistics  calcvtlations.  One 
circuit  of  this  c  o  u  n  t  i  n  r  loop  t  a  1;  c  s  46  n  a  c  h  i  ii  c 
cycles  of  the  6800  m  i  c  r  o  p  r  o  c  c  s  s  (>  r  .  A  con*,  of  t  li  c 
total  number  of  loop  cycles  completed  £o2l£!w_i  nj? 
the  sampling /compression  intcriunts  is  kept  in  the 
collection  statistics  buffer. 

L££P  ££££1  £££  l£l££££££'  Tt'  offs’t  the 

i  n  a  c  c  u  r  a  c  \-  which  would  develop  if  t  !i  e  i  ii  t  e  :■  r  u  i'  i 
clock  period  chanced  between  runs  (or  )  1  t  A  j 
master  clock  in  the  F  x  o  r  c  i  s  c  ;■  drifted),  a  '  '  ' 
count  calibration  was  n  o  r  f  o  r  m  c  d  i  m  n  e  ti  i  a  t  ,  I  \  i  t  re 
and  after  each  collection  run.  I'h  i  s  c  a  1  i  b  i  ...  r 
was  accomplished  by  performing  2  ?  s  e  <;  u  e  r  i  i  a  1 
interrupts  with  no  interrupt  p  r  o  e  e  s  s  i  i.  e  e  '  .  e  i  t 

r  c  t  u  r  n  -  f  r  o  m  -  i  n  t  c  r  r  u  p  I  .  The  before  ant.  a  1  !  e  i 

calibration  c  o  u  n  t  ,s  wore  then  a  v  c  r  a  r  e  d  ::  d  t  i  e 

maximum  loop  c  o  ti  n  s  per  interrupt  e  a  1  c  i:  1  ;  t  e  d  . 

Ii  E  £  F  I  X  i  £  i  £  £  £  y  "  I  !i  e  c  o  n  p  r  e  s  s  i  e'  n  '>  p  e  r  .j  t  i  '  -  n  w  a  e 
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then  calculated  from  the  equation; 

T.r.  =  (l-(Total  Loop  Co  u  n  t  /  (  (  Nun  of  Sanples)*(.';ax  Cnt))))*10  0 

3.ii.!SlilSA  1.114  MiliffilinA  •  The  channel 
maximum s  and  minimums  were  retained  to  allow 
determination  if  the  analog  inputs  exceeded  the 
A/D  dynamic  range. 

Numbjer  o^  i!lemo£y  Bill  4  lliilh  .  This  number  was 
constant  and  was  determined  by  the  amount  of 
Read/Write  (RAM)  memory  available  for  data 
storage.  For  the  current  configuration  of  the 
Exorciser  and  the  EKG-EXEC  program  this  was  139248 
bits  (17406  bytes). 

Numb^x  li  BJ,_t  s^  Axiiiikii  12.  Yniilii  L2E&lh 
C  o  d  e^X  •  This  counter  measured  the  number  of  bits 
out  of  the  data  decorrelator  and  allowed 
calculation  of  the  decorrelator's  compression 
ratio  (bits  out/bits  in). 

Numb^X  oX  Bj,t.l.  Hni  ll  B^or^  £h^nn^X  Z»X»Z.  These 
counters  measured  the  number  of  bits  used  to  store 
the  data  from  the  three  input  leads.  This  count 
is  the  number  of  £od^  hill  out  of  the  variable 
length  encoder . 

Number  oX  BiXl  filli  to  SXoxjb  TXme.  This  counter 
was  identical  to  the  channel  counters  above  but 
measured  the  number  of  code  bits  used  to  store 
the  At  run  counts. 

ToXli  Com££^^s^Xon  RiXiS  Ac^hXiy^d.  This  figure  was 
calculated  post  collection  by  dividing  the  total 
code  bits  stored  by  the  total  R/W  memory  bits 
available. 

The  statistical  data  defined  above  was  compiled  by  the 
EKG-EXEC  program  and  is  printed  by  the  DISPLAY  software 
module  as  illustrated  in  appendix  D. 
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Fig  27.  Original  and  H e c o n s t r n c t e d  EKG  with 
Best  Compression  Ratio  (2.260  :  1) 
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Fig29  .  Original  and  Reconstructed  EKG  with 
Worst  Compression  Ratio  (1.252  1) 
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Ha.*.®.  hB.Al.XS.i.1  And  RAAni.l.A 

To  determine  the  compression  efficiency  of  a  redundancy 
reduction  EKG  compression  algorithm  is,  in  general,  a 
difficult  job  to  accomplish.  The  reasons  for  this 
difficulty  are;  1)  the  sampled  EKG  data  sequence  contains 
significant  correlation  (memory)  between  sample  values 
making  calculation  of  the  absolute  bound  of  the  jen^ro£2 
extremely  difficult  (Ref  34:479-489)  and  ;  2)  the  techniques 
used  for  both  the  data  decorrelator  and  entropy  encoder  vary 
significantly  from  algorithm  to  algorithm. 

In  this  thesis,  as  is  done  in  the  literature  (Ref 
7,12,28),  the  assumption  is  made  that  the  output  of  the 
decorrelator  is  ''almost  d e c o r r e 1  a t e d '  '  .  Decorrelated  is 
not  '’independent''  (unless  the  source  was  statistically 
gaussian),  but  it  is  assumed  that  true  entropy  of  the  2nd 
difference  sequence  approaches  the  value  which  would  be 
calculated  by  Eq.(l)  (reproduced  below). 

A*  entropy  =  -  )  -p.log,p.  (27) 
L  1  *  1 

is  the  probability  of  the  i ' th  second  difference). 

1 

This  second  difference  entropy  can  then  be  used  as  an  upper 
bound  on  the  potential  entropy  encoding  compression  of  the 
Tolan  redundancy  reduction  technique. 

The  A*  entropy  values  tabulated  in  Tabic  II  were 
calculated  by  Eq.(27).  To  calculate  the  a o x_i m^^je  limit 
on  the  entropy  encoder's  £om£xc.s.Ai.£ll  £A  »  the  uncompressed 
data  word  length  of  8  bits  was  divided  by  the  ''lowest'' 
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a  V  e  r  ?  j  r  c  o  <!  e  wort*  (  i  .  c  .  .  the  2nd  difference  entropy).  A 
look  at  Table  II  shows  that  the  entropy  encoder  compression 
ratio  varied  between  58%  and  71%  of  this  entropy  bound. 
Since  the  Tolan  variable  length  code  is  suboptimal,  a  lower 
efficiency  is  expected.  Nevertheless,  the  Tolan  entropy- 
encoder  performed  more-or-less  consistently  across  the  data 
set.  This  last  observation  would  imply  that  the  da_ta 
influences  the  overall  compression  ratio  more 


Table  II 

Experimental  Data  Summary 


Subject 

Id 

2’nd 

Difference 

Entropy 

Maximum 

Compression 

Possible 

(Approx) 

Achieved 

2nd 

Difference 

Compression 

Percent 
of  !1ax 
Encoder 
Comprs 

Percent 
of  Sample 
Interval 

Achieved 

Total 

Comprs 

TA1545T 

3.2801 

2.42  :  1 

Bl 

64.0% 

93.9% 

1.36  :  1 

TA1548T 

3.0171 

2.63  :  1 

mm 

61.2% 

91.4% 

1.50  :  1 

TA1559B 

3.016 

2.64  :  1 

1.72  :  1 

65.1% 

93.0% 

1.53  :  1 

TAISIIS 

3.323 

2.39  :  1 

1.65  :  1 

69.m> 

94.0% 

1.43  :  1 

rA1520B 

2.601 

3.06  :  1 

1.81  :  1 

59.1% 

90.9% 

1.72  :  1 

rA1448L 

2.930 

2.72  :  1 

63.6% 

90.6% 

1.60  :  1 

IA1439S 

3.267 

2.43  ;  1 

67.1% 

93  .4% 

1.43  :  1 

rA1359P 

2.487 

3.22  :  1 

mm 

58.3% 

77.8% 

2.26  :  1 

rA1413L 

3.783 

2.10  :  1 

Hi 

71.4% 

95.4% 

1.25  :  1 

than  the  entropy  encoder. 

As  was  described  in  chapter  3,  the  Tolan  data 
decorrelator  uses  time  compression  in  conjiinction  with  a  2nd 
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(i  i  1  .  <■  r  c  n  c  c  operation.  The  T  o  1  a  n  tine  c  o  n  p  r  e  s  s  i  o  n  t  c  c  li  n  i  q  u  c 
makes  the  assumption  that  the  second  difference  value  of 
zero  occurs  so  frequently  that  the  encoding  of  0  would  be 
less  efficient  than  the  storing  of  a  zero  value  run 
counter.  In  the  experimental  situation  in  this  thesis, 
signal  noise  was  quite  evident  in  the  EKG  traces  (Fig  29). 
The  sharp  ''spikes''  induced  by  noise  are  accentuated  by  the 
second  difference  operation,  hence  a  0  was  a  common 
occurrence.  This  forced  the  storage  of  a  lot  of  7  bit  time 
counters . 

In  8  out  of  the  9  compression  runs  made,  the  frequent 
storage  of  time  counts  actually  caused  the  Tolan  data 
decorrelator  to  produce  ne^^^jv^  compression  (i.e.  more 
bits  out  than  went  in).  Since  the  entropy  encoder  was 
producing  a  larger  positive  compression  ratio,  the  overall 
compression  figure  remained  positive.  The  effect  of  this 
operation  is  graphically  illustrated  in  Figure  30. 

A  look  at  the  original  and  reconstructed  EKG  traces 
(Fig  27-29)  in  conjunction  with  the  data  in  Table  II,  shows 
that  as  the  ''noise''  level  increased  on  the  signal  the 
compression  became  progressively  worse.  Since  it  was 
concluded  that  the  entropy  encoder  performed  approximately 
the  same  across  the  data  set,  the  degradation  in  total 
compression  must  be  due,  in  large  degree,  to  the  degradation 
in  the  Tolan  time  compression  data  decorrelator 
performance . 

A  clear  effect  of  the  noise  is  illustrated  in  Figure 
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.1  ;  .  r  o  r.i  r  i  s  U  r  c  3  3,  i  l  t  a  n  b  c  seen  t  li  a  t  as  the  '  '  u  o  i  s  i  '  ' 

level  increased  the  of  the  2nd  difference 
distribution  became  increasingly  larger.  As  the 
distribution  became  less  peaked,  the  efficiency  of  the 
variable  length  encoder  decreased  with  a  subsequent  loss  in 
achieved  compression  ratio. 

The  nonzero  component  at  A*  =  0  in  Figure  31  can  be 
explained  as  follows.  The  decision  was  made  early  in  the 
design  of  the  EKG-DAAS  that  8  bit  data  would  be  used  versus 
9  or  10  as  recommended  by  the  American  Heart  Association 
(Ref  3).  This  decision  was  made  to  simplfy  the  software 
(i.e.  single  precision  could  be  used).  Since  the  A/D 
converter  has  12  bit  resolution,  the  sample  was  Hounded  to  8 
bits  for  uniform  error  distribution  (Ref  24:424-432). 
Unfortunately  because  of  this  rounding  action,  small 
differences  in  the  least  significat  bits  of  the  A/D 
converter  may  have  affected  the  rounding  operation.  Since 
the  A/D  cannot  sample  all  three  channel  simultaneously,  the 
probability  that  a  ''noisy*'  signal  will  change  the  least 
significant  bit  (or  bits)  is  high.  With  a  rounding 
operation,  these  changes  may  ripple  to  affect  the  least 
significant  bit  of  the  8  bit  data. 

At  most  this  effect  would  only  cause  a  change  in  the 
least  significant  bit  of  the  8  bit  rounded  values.  This 
would  cause,  however,  the  second  differences  between  of 
channel  X,Y,Z  to  be  different  even  though  they  were 
connected  in  common.  As  was  described  in  chapter  3,  ^ny  of 
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1 1.  0  three  1  c  a  il  s  with  a  non  zero  second  difference  f  c  r  e  l  li  l  ;  e 
storage  of  all  three  data  points.  Hence  many  zeros  data 
points  were  stored  because  of  2nd  difference  asymmetry  which 
would  not  have  occurred  had  the  12  bit  A/D  data  been 
truncated  instead  of  rounded. 

This  fact  undoubtably  affected  the  overall  cot.  prcssion 
efficiency  of  the  Tolan  algorithm.  Nonetheless,  the 
distribution  in  Figure  31  would  not  have  changed  (except  the 
zero  value  count)  significantly  and  noise  would  still  have 
broadened  the  2nd  difference  distribution. 

5.114  Dow££  f 

As  has  been  reiterated  several  times  in  the  text  of 
this  thesis,  the  author's  original  intention  was  to 
implement  both  the  Dower  and  the  Tolan  algorithms  for 
experimental  test  and  comparison.  Since  time  did  not  permit 
the  Dower  implementation,  an  experimental  comparison  was  not 
possible. 

As  an  attempt  to  compare  the  results  of  the  Power  and 
Tolan  compression  routines,  the  results  quoted  from  the 
papers  by  Dower, Rerghofer, and  Stewart  (Ref  12,29)  will  be 
used.  Dower  states  that  his  state  space  ■'’ariable  length 
encoder  approaches  the  entropy  bound  of  t!o  second 
difference  source  ''with  about  1.65''^)  wastage''  (F.  ef  12:3). 
This  value  is  significatly  higher  than  the  approx  irately  3  OS 
''wastage''  observed  with  the  Tolan  variable  length 
encoder . 
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Assuming  similar  o  ; ’w  «  a  I  i  o  ii  s  of  t  li  c  second  difference 
time  compression  (in  this  author's  '’noisy''  enviroment), 
the  Dower  decorrelator  is  expected  to  have  neqative 
compression.  With  the  Tolan  and  Dower  d e c o r r e 1  a t or s  assumed 
’’equal'',  then  the  real  gain  of  the  Dower  technique  over 
the  Tolan  approach  is  in  the  VLC. 

Assuming  the  Dower  entropy  encoder  approached  closely 
to  the  entropy  bound,  it  can  be  extrapolated  that  the  Dower 
algorithm  would  have  achieved  a  maximum  compression  of 
approximately  (1.2)*(3.22)=3.86;1  for  the  ’’best''  RKG  in 
Table  II  and  Figure  30.  The  worst  compression  ratio  would 
have  been  (.84)*(2.1)=1.76*1  for  the  worst  (noisest)  EKG. 

Chl£ler  ^  Summari’ 

This  chapter  began  with  a  description  of  the  EKG 
collection  experiment.  Although  the  EKG  apparatus  was 
limited  to  one  channel,  sucessful  collection  and  compression 
of  EKG  data  was  performed.  Analysis  of  the  data  revealed 
that  time  compression  is  inefficient  in  a  ''noisy'' 
enviroment  and  that  ''rounding''  of  the  12  bit  A/D  samples 
in  conjunction  with  placing  all  three  sample  lead  in  common 
accentuated  the  degradation  caused  by  the  time  compression 
data  dccorrelator.  Nonetheless,  the  Tolan  algorithm  did 
achieve  an  overall  positive  data  compression  figure  but 
significantly  lower  than  the  9:1  ratio  achieved  by  Ruttiman 
and  Pipberger  (Ref  28)  or  the  value  of  7.3:1 
reported  by  Stewart, Derghofer,  and  Dower  (Ref  29).  Finally 
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it  Kas  heuristically  shown  that  if  the  Dower  compression 
algorithm  lived  up  to  the  statements  by  Dower,  then  a 
compression  ratio  gain  of  3.86:1  to  2.26:1  could  have  been 
achieved  with  the  Dower  EKG  data  compression  technique. 
This  thesis  will  now  proceed  to  provide  conclusions  and 
recommends  t ions 
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VI.  Summary,  C o  n c^_l  n £  ,  ^nd  R^c  omni^nd^^_i  on^ 

Summs^ry  a.nd  Con^J^u^_i  o n 

This  thesis  has  investigated  the  field  of 
electrocardiogram  data  compression  with  the  objective  of 
evaluating  compression  algorithms  on  a  6800  microprocessor 
based  computer  system.  Accomplishment  of  this  goal  required 
the  construction  of  the  EKG-Data  Acquisition  and  Analysis 
System  utilizing  the  Motorola  Exorciser  microcomputer. 

To  determine  those  EKG  compression  algorithms  which  had 
potential  for  Exorciser  implementation,  a  literature  search 
was  made  to  locate  EKG  data  compression  techniques.  In 
addition  to  the  literature  search,  personal  correspondence 
(Ref  11,31)  yielded  several  EKG  compression  algorithms.  The 
results  of  this  research  is  presented  in  chapter  2. 

Since  thesis  requirements  dictated  the  need  for  an 
online,  real  time  data  compression  algorithm,  only  the 
fastest  EKG  compressors  could  be  considered.  Two  routines 
were  selected  for  detailed  analysis  and  inplementation. 
These  two  compression  algorithms  (Tolan  and  Do\vfr)  were 
discussed  at  length  in  chapter  3. 

It  was  deduced  from  the  methodology  of  the  two  data 
compression  techniques  that  the  Dower  algorithm  would 
perform  better  than  the  Tolan  procedure.  To  test  this 
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1  y  p  o  t  1’  c  s  i  s  ,  the  I  K  \  S  v  a  s  c  o  n  s  t  i  li  c  L  e  J  a  n  C.  t  h  c  T  o  1  .  r 
algorithm  implemented.  The  implementation  of  the  r.KG-DAAS 
is  documented  in  chapter  4. 

Time  constraints  prohibited  completion  of  the  Dower 
compression  algorithm,  but  data  was  sucessfully  compiesssed, 
analyzed,  and  decompressed  with  the  Tolan  algorithm.  The 
results  of  this  analysis  are  presented  in  chapter  5. 

The  conclusions  of  this  research  effort  are  as 
follows.  First,  FKG  data  compression  can  be  accomplished  in 
real  time  by  a  microprocessor  based  computer  system.  The 
Exerciser  is  a  slow  microcomputer  (1  MIlz  cycle  time)  yet  it 
was  still  possible  to  implement  the  Tolan  algorithm  with  a 
500  Hz  sample  rate.  The  second  conclusion  is  that  signal 
noise  can  dramatically  affect  the  efficiency  of  the  F.  KG 
routines  in  the  same  class  as  the  Tolan  algorithm.  The 
expense  and  implementation  difficulties  of  p r e f  i  1 t e r  i  n g ,  1 ow 
electromagnetic  noise  environment,  and  proper  EKG  lead 
attachment  are  well  worth  the  gain  in  compression  achieved. 
Finally,  a  software  project  of  this  magnitude  should  not  be 
attempted  totally  in  assembly  language.  Although  assembly 
language  offers  the  greatest  flexibility  and  speed, 
algorithm  implementation  and  debugging  effcirts  are 
enormous,  A  high  order  language  would  have  allov.ed  this 
author  to  complete  his  original  thesis  objectives. 
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Several  recommendations  are  offered  for  further  study 
in  microcomputer  based  EKG  data  compression.  First, 
implementation  of  the  EKG  compression  algorithms  using  a  16 
bit  microprocessor  (e.g.  6  MIlz  Intel  8086)  would  permit  an 
order  of  magnitude  improvement  in  speed  of  execution. 
Hardware  multiply  and  divide  along  with  16  bit  arithmetic 
registers  would  permit  easy  implementation  of  the  Dower 
algorithm  and  would  even  make  use  of  the  Transform 
compressors  (i.e.  FFT)  feasible.  Second,  futher  study  is 
needed  on  determination  of  decorrelator  inefficiency  on  the 
overall  data  compression.  A  large  study  of  different 
decorrelators  such  as  1,  2,  3  difference  operations  with  and 
without  time  compression  is  needed.  Next,  an  EKG 
compression  algorithm  implemented  using  the  Ruttiman  and 
Pipberger  2nd  order  interpolator  (Ref  28)  for  the 
decorrelator  along  with  the  Dower  variable  length  encoder 
(Ref  12)  should  be  built.  This  combination  should  prove  to 
be  very  efficient.  Finally,  programming  and  experimental 
testing  should  be  done  on  a  full  scale  microcomputer 
development  system,  complete  with  a  high  order  language, 
A/D-D/A  capability,  and  flexible  disk  file  manipulation 
software.  Such  a  system  is  the  Zilog  HCZl/25  microcomputer 
resident  here  at  A.F.I.T. 


103 


1.  Ahmed,  Nasir  XJ.  •  ''Electrocardiographic  Data 

Compression  Via  Orthogonal  Transforms,''  I.EnE 
Tr^n_s  a£^_i  o n^  on  BJ.  om^d 1,  En^_i  n^^ r_i  n£  ,  D2Iil'Z2.2- »  ^  ^  ) 

484-487  (November  1975). 

2.  Ahmed,N  and  Rao,K.R.  Oxliio^on^j^  Jx a.Ilx£X£2!i.  X^X  DxXXXxi 

ZX  OXXXXXXX  •  New  York;  Springer-Verlag,  1975. 

3.  American  Heart  Association,  Rep.  Comm.  ECG . 
•'Recommendations  for  Standardization  of  Leads  and 
Specifications  for  Instruments  in  Electrocardiography 
and  Vectorcardiography,''  C_i££u  l_^Xio  n .  XX'  11-31 
(1975)  . 

4.  Berger,  Toby.  ExXX  ZxiXoXXxoX  XllXXXY-  A  L'xXXXElAXiXXi 

ZXX  ZxXX  X  °!3£XXXXX  XX  •  Englewood  Cliffs,  N.J.: 
Prentice- Hall,  Inc.,  1971. 

5.  Blasbalg,  H.  and  Van  Blerkom,  R.  ''Message 
Compression,''  XBX  Ixanj^^^Xxo”  on  Sj)a.£^  XiXXXXOXXXX  XXE 
IxiXEXXXY'  8  :  228-238  (September  1962). 

6.  Box,  E  and  Jenkins,  G.W.  T_ime  EXXAXX  AXXXXXXX' 
EXiX.Xa£Ain£  ind  Cont.ro_l.  San  Francisco,  California  : 
Holden-Day  Inc,  1976. 

7.  Cox,  J.R.  and  Ripley,  K.I. .  ''Compact  Digital  Coding  of 

Electrocardiographic  Data,''  PXOXXXAXXXX  XXXXA  EXXXAX 
XXXXXXXXXXXXX  XXXXXXXXXX  on  S££X£m  S£j.£n£££.  3  33-33  6  . 

Honolulu,  Hawaii  :  University  of  Hawaii,  January  9-11, 
1973  . 

8.  DATEL  SYSTEMS, Inc.  Sinetrac  Series  Model  ST-6R00 
AZZaBAA  ZXXXXAXXXX  S££l£m£  Xn£lru£Hon  Manu£l,  Part 
No.  58-12140-25,  Mansfield,  Mass.  January,  1979. 

9.  Davenport,  W.B.  Pxob£bHll_Y  XXA  BxxAom  Pxo£exs££:  An 
iXXXodu£Hon  For  AxxixxA  Xol£nH£l£  XXX.  IlilXXXXXXX  •  New 
York  :  McGraw-Hill  Book  Company,  1970. 

10.  Davisson,  Lee  D,  and  Gray,  Robert  M,,  editors. 

ExxxiinxxJi  Zxxxxx  Xx  EXxxXxxxxX  Exxxxxxxxxx  xx^'-  Xompui££ 

S£l£X££ ,  Volum£  H  :  D£X£  X om£X£££l£ n .  S  t  r  o  u  e  s  b  u  r  g , 
Pennsylvania  :  Dowden,  Hutchinson, and  Rose,  Ine., 

1976  . 

11.  Diver,  Tom.  Project  Engineer.  Personal 
Correspondence.  Marquette  Electronics,  Inc., Milwaukee, 
Wisconsin,  15  May  1980. 


104 


1  '  .  ''  o  w  c  r  ,  R(i  .  with  n  p  p  e  n  u  i  x  by  I’,  c  r  f  h  o  f  l  r  ,  1'  .  '  '  Op  t  i  rr,  a  1  IC  (I 

i>ata  Coripressioii,''  workii.  g  papt-r  sulmitted  for 
publication  in  £r oX  lll£ 

Fou  n  d  a_t  ^pn  CpnX^X^npp^  :  0  ompu  t.  e^X^pd  ipp  cpppppppppn  of 
iil®.  E£.Q.  Y-  Asilomar,  California.  April  27-March  2, 
1980  . 

13.  Dubin.Dale,  M.D.  EpjeXX  iPXPXPXPXpXiop  PX  XKXXj.  (Second 
Edition).  Tampa,  Florida:  COVER  Publishing  Company, 
1970  . 

14.  Frank,  Ernest.  ''An  Accurate,  Clinical  Practical 
System  For  Spatial  Vectorcardiography,''  CXppuXplXo® « 

13  :  737-749  (May  1956) . 

15.  Gray,  R.M.  and  Davisson,  L.D.  ''A  Mathematical  Theory 
of  Data  Compression?'',  Bpnpkmprk  Papepp  XP  XiPPXPXpPX 

EnpXupPxXPX.  pp^  XpsppXpx  ^pXpppp  »  XpXpihp.  Li  •  Opip 

XPSIEXPPPX  °P «  edited  by  L.D.  Davisson  and  R.M.  Gray. 
21-25,  Stroudsburg,  Pennsylvania  :  Dowden,  Hutchinson, 
and  Rose,  Inc.,  1976. 

16.  Huffman,  David  A.  ''A  Method  For  The  Construction  of 
Minimum  Redundancy  Codes,''  PpPPPP^PPPP  PX  XXP  XBX  »  XQ. 

:  1098-1101  (September  1952), 

17.  J  e  1  i  ne  k  ,  Fr  e  d  e  r  i  c  k  .  ''Buffer  Overflov;  in  Variable 
Length  Coding  of  Fixed  Rate  Sources,''  IEEE 

XXPPPPPXXPPP  £P  XpXpXISPXXPP  XilpoXX »  iJz.XX  (3)  :  490-501 
(May  1968) . 

18.  Makhoul,  John.  ''Linear  Prediction:  A  Tutorial 

Review,''  PrppppdXpj; s^  pX  XilP  lEXX*  XX  (“^^  •  561-580 

(April  1  97  5  )  . 

19.  McEliece,  Robert  J.  Thp  Thpor^  of  XpXpLS’PXXpP  PPX 
CpdXPP  :  E n cypXPPpXXp  P.X  IlpXilPinppXpP  PPX  AlP 
AppXXPPXXPPP  •  XpXPEIP  X*  Gian-Carlo  Rota,  editor. 
Reading,  Massachusetts  :  Addison- Wesley  Publishing 
Compa  ny  ,  1  97  7  . 

20.  McFec.R.  and  Baule,G.M.  ''Reasearch  in 

Electrocardiography  and  Magnetocardiography,  '  ' 
Proceedings  of  the  IEEE  ,  6 0  ( 3 )  : 290-303  (March 

1972)  . 

21.  McGibbon,  C.I.  ''Data  Communication  Networks  of 
Interest  to  Medical  Information  Processing,'' 
PXPppedXpps.  pX  php  XFJP  TC  4  WopkXpp  XppXppcpcp  op 
OpXXinXpPX  j  op  PX  CpmpuXpr  FCG  P  rppppp  ipp  »  edited  by  11. K 
V/olf  and  P.W.  Macl'arlane.  253-254.  Halifax,  Nova 
Scotia,  Canada.  June  5-7,  1979. 


105 


”('*pr(la  Inc.,  [' (y_'  '.Nn”.-iser  I'-^-rs  r  n  i  i!  y  , 

I’hoenix, Arizona:  Stconil  Edition,  1  Vl  5  . 

23.  Midwest  Scientific  Instruments,  Oj)^r^_t J, n_g  AHJ,  A^j^jeinb,!^ 

J.  •  Jh®.  EP“§.  ri.5££.Y  i2j..sii  ,  Olathe, 

Kansas  . 

24.  Oppenheim,  Alan  V.  and  Shafer,  Ronald  W,  Dj,y_i_t^l_  S_i^naiJ_ 
Pyojcy^  s_i  n£  .  Englewood  Cliffs,  N.J.  : 

Prentice- II  all, Inc.  1975. 

25.  Papoulis,  Athanasios.  Pxob^b_iXi  lY »  BAUdoiS  Y^r_i^b  1_XX » 

AI14  SXojch^^XiX  PXXX  XXXXX  •  New  York:  Mcfirav/  Hill  Book 
Company ,  1965. 

26.  Rautaharju.P.M.,  Warren,  J.,  and  V/olf,  H.  ''Waveform 
Vector  Analysis  of  Orthogonal  Electrocardiograms: 
Quantification  and  Data  Reduction,  Journa_l  oX 

ElX®  f.X®XJ‘X4Ao££X.£]lX «  6:  103-111  (March  1973). 

27.  Ristenbatt,  Marlin  P.  ''Alternatives  in  Digital 
Communications,''  PxoXXXdyny^  £X  Xix  1 E 

(6) : 703-721  (June  1973) . 

28.  Ruttimann,  Urs  E.  and  Pipbergcr,  Hubert  V. 

''Compression  of  the  ECO  by  Prediction  or  Interpolation 
and  Entropy  Encoding,''  XEEE  Tr^n_s^£Xxo on  Hxom£dx£aX 
En£Xll£XXXIl.&  >  P^Ez.2.6,  Xi  •  613-622  (liovenbcr  1979). 

29.  Stewart, D.,Perghofer,D.  with  appendix  by  Dower.RG. 
''Data  Compression  of  ECO  Signals,''  Px°£X£lii.m X  ££  Xil£ 
En^XllXXXXHK  £S£Ii4x.XX2I1  XsxX ®X £££ X.X  »  £®13£lli£XXX£X 
XnXXXI’XXXX.XXXX  oX  ECO  XV.  Asilomar,  California. 
January,  1979. 

30.  Shannon,  Claude  E,  ''A  Mathematical  Theory  of 
Communication,''  ByXX  XXXX£2!X  Jx®2lxX££.i  X££Xil£X«  2.1 
:3  7  9-423  (July  1  94  8)  . 

31.  Tolan,  Gil.  ( MD )  , L t . Co  1 . USAFM C . Pc r s o na 1 

Correspondence,  HSAF  School  of  Aeorspaee  Medicine, 
Brooks  AFH,  Texas.  April, 1980. 

32.  Tompkins,  W.  and  Webster,  J.G.,  editors.  Pesj/n  of 
MX£X£££!!’££X£X”]}£X£X  IlxXXxxi  XXX  tX£2!£I!X£XX£X  •  .’nglewood 
Cliffs,  N.J,:  Prentice- Hall,  Inc. ,1980. 

33.  TRW  Systems  Group,  Houston,  Texas.  ''Invest! nation  of 
Data  Compression  Techniques,'*  Final  Report, 
NASA-CR-115177  .  September,  1971,  N7  1-3  53  23  . 

34.  Viterbi.  Andrew  and  Omura,  Jim.  PxXll£XP-i.£X  PJ  D-’Xlli'l 
Commun  j££XX£E  ££d  £  o  dX  n£ .  New  York  :  .'tefiraw  Hill  Hook 
Company,  1979. 


106 


r 


36.  Ziemer,  R.E.  and  Tranter, W.  11.  PxiP.£i2i®.l 

Commune  a  1^2221.  •  »  U o42j.22 i 2 n  ,  224  ^2422*  Boston, 

Massachusetts  :  Houghton  Mifflin  Company,  1976. 


A££jend_ix  A 


Is  irod  u£_t_i£n 

The  electrocardiogram  (or  EKG)  is  a  record  of  the 
electrical  activity  of  the  heart  as  measured  from  the  body 
surface.  The  magnitude,  shape, and  timing  of  the  electrical 
potentials  generated  by  the  heart  reveal  a  grent  deal  of 
information  concerning  the  health  of  the  cardiac  system. 
This  appendix  will  describe  how  the  electrical  signals  from 
the  heart  are  generated,  how  the  cardiac  cycle  is 
coordinated  and  controlled,  and  finally  how  the  )'KG  can  be 
used  as  a  diagnostic  tool. 

XJl®.  2,24  I.  Ch a^£££ t,22i.2li.£2. 

£X  X]l2  II22XX 

The  heart  (Fig.  Al)  is  an  organ  about  the  size  of  a 
fist  with  four  main  pumping  chambers  and  a  specialized 
electrical  conduction  system.  At  the  top  are  two  thin 
walled  pumps  called  the  atrium  which  prime  the  main  pumps  of 
the  heart,  the  ventricles.  The  ventricles  are  separated  by 
a  thick  wall  of  muscle  tissue  called  the  septum.  i'lood  from 
the  right  ventricle  goes  to  the  lungs  and  blooj  from  the 
left  ventricle  goes  to  the  rest  of  the  body. 
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Fig  A1 .  The  Heart  Cross-Section  (From  Ref  20:291). 

During  the  resting  state  between  contractions,  the 
cells  of  the  heart  are  ''polarized''  with  an  electrical 
potential  existing  between  the  inside  (-)  aijd  the  outside 
(+)  of  the  cell.  This  potential  is  generated  by  an  ionic 
gradient  across  the  cellular  membrane  and  is  normally 
maintained  for  approximately  .2  to  .4  of  a  second  before 
spontaneous  ''depolarization''  occurs.  Depolarization 
(caused  by  an  inrush  of  sodiun  ions  into  the  cell)  induces 
the  cell  to  contract  for  approximately  1/4  of  a  second. 
Because  all  heart  cells  contain  specialized  conducting 
fibers,  the  depolarization  of  one  cell  initiates  the 
depolarization  of  neighboring  cells  and  a  ''wave  of 
excitation'*  sweeps  across  the  myocardium  (heart)  at  a  rate 
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i,'i  about  1  meter  per  second. 

r  h  0  V  o  1  t  a  i;  e  s  measured  at  t  li  e  body  surface  are  t  1  i. 
superposition  of  thousands  of  heart  cells  depolarizing  (or 
polarizing)  as  the  wave  of  excitement  flows  through  the 
myocardium.  Early  work  by  V/ilson  (Ref  20:292)  showed  that 
the  heart  could  be  represented  by  an  equivalent  electrical 
dipole  whose  vector  orientation  sweeps  through  a  closed  loop 
during  one  cardiac  cycle.  In  simple  terms,  as  the  wave  of 
excitement  flows  toward  a  positive  skin  electrode,  a 
positive  slope  is  generated  on  the  EKG  record  representing 
the  projection  of  the  heart  vector  onto  the  axis  of  the  EKG 
lead. 

To  observe  this  sweeping  dipole  vector,  V.'ilson 
developed  the  12  lead  EKG  system  in  almost  univcrisal  use 
today.  This  system  (Fig.  A2)  attempts  to  measure  the  heart 
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vector  orientation  and  amplitude  is  difficult.  To  overcome 
this  problem,  Frank  (Ref  14:737-749)  developed  the  vector 
cardiogram  which  combines  7  leads  in  a  summing  network  to 
produce  three  orthogonal  components  of  the  heart  vector. 
Frank  VCG  systems  are  popular  in  heart  diagnosis  and 
research  because  all  of  the  information  is  contained  in 
three  leads  of  data  versus  12. 
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tissue.  The  SA  node  hence  initiates  a  wave  of  excitation 
which  covers  the  atrium  in  about  80  milliseconds.  This 
atrial  contraction  produces  the  electrical  signal  called  the 
P  wave  (Fig.  A3)  on  a  typical  EKG  record. 

The  wave  of  excitation  started  by  the  SA  node  then 
reaches  another  specialized  receptor  known  as  the 
Atrial  - Ventricular  (AV)  node.  Here  connecting  fibers  delay 
the  excitation  impulse  for  about  50  milliseconds  to  allow 
the  ventricles  to  fill  with  blood.  After  the  50  millisecond 
delay,  the  excitation  signal  is  relayed  to  special 
conducting  fibers  in  the  septum  known  as  the  Bundle  of  ITis. 
These  conducting  fibers  rapidily  (30  ms)  transmit  the 
excitation  wave  to  the  interior  (endocardium)  vail  of  the 
ventricles  where  the  wavefront  propagates  radially  to  the 
outer  wall  (epicardium)  in  another  30  milliseconds.  The 
ventricular  wave  of  excitation  produces  tlie  QRS  waveform 
complex  seen  on  the  EKG. 

Following  the  ventricular  contraction,  the  muscle  cells 
of  the  ventricles  repolarize  over  a  period  of  100 
milliseconds.  No  muscular  action  is  occuring  but  the  EKG 
responds  to  this  electrical  activity  and  the  T  wave  is  noted 
on  the  EKG  record.  Atrial  repolarizaticn  occurs  during  tlie 
QRS  hence  it  is  generally  invisible  on  the  EKG. 


Fig  A3.  Typical  EKfi  Vr'aveform  (From  Ref  20) 


Finally  the  heart  rests  for  approximately  .2  of  a 
second  and  the  cycle  starts  again.  The  above  cardiac  cycle 
is  typical  of  a  healthy  heart.  Disease,  however,  can  effect 
this  sequence  dramatically. 


Peart  Disease  and  the  EKG 


The  variety  of  ailments  which  plauge  the  human  heart 
are  numerous  and  no  attempt  will  made  to  describe  the 
spectrum  of  diseases  possible.  There  are,  however,  several 
common  heart  defects  which  routine  EKG  analysis  usually 
detects.  These  include  premature  contractions  (Atrial  and 
Ventricle),  bundle  branch  blocks,  hypertrophy,  and 
infarction. 


®  inrc  C  o  n^r^£^j_o  n^  .  Premature  contractions  arc  caused 
by  the  spontaneous  depolarization  of  heart  tissue  outside  of 
the  SA  node.  Th  is  depolarization  initiates  a  wave  of 


excitement  causing  the  atrium,  or  more  r.  otablj',  the 
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ventricles  to  contract  out  of  rhytl.  n  v.ith  their  normal 


c  >  c  1  e  .  Points  where  this  ’’unscheduled''  d  e  p  o  1  a  r  i  z  a  t  i  r 
occurs  are  called  ectopic  foci  and  can  arise  because  of 
infarct  damage  (to  be  disscussed  later), coronary  heart 
disease  producing  oxygen  starvation  and  a  number  of  other 
causes.  Premature  Ventricular  Contractions  (PVC’s)  arc 
highly  visible  on  the  EKG  record.  Normally  the  ventricles 
contract  simultaneously  and  the  voltage  vectors  generated 
tend  to  cancel  keeping  the  ORS  amplitude  relatively  small. 
A  PVC,  however,  causes  depolarization  of  one  ventricle 
before  the  other  generating  an  unbalanced,  hence  larger, 
voltage  output. 

s.  •  ^  bundle  branch  block  is  caused  by  a 

block  of  the  impulse  of  the  right  or  left  Bundle  Branch. 
This  causes  a  delay  in  the  transmission  of  the  stimulation 
impulse  to  ventricle  blocked  and  forces  the  two  ventricles 
to  contract  at  slightly  different  tines.  This  difference  in 
ventrical  contraction  time  shows  up  on  the  EKG  as  a  double 
humpe  d  QRS . 

V .  Hypertrophy  is  an  enlargment  of  one  section  of 
the  heart  muscle  tissue.  This  enlargment  affects  the 
duration  and  strength  of  the  wave  of  excitement  and  is 
visible  on  the  EKG  record  as  a  diphasic  trace  if  atrial 
hypertrophy  is  present.  If  ventricular  hypcrtropiiy  exists, 
the  QRS  amplitudes  are  much  larger  than  norma]  due  to  the 
fact  that  more  tissue  is  depolarizing. 


1  "ii-iilll  •  My  o  c  a  r  il  i  a  1  infarction  is  an  i  n  j  ii  r  \  to  the  heart 
t  e  causeJ  by  an  i  e  c  1  u  s  i  i"  n  of  a  ci-r  unary  a  r  t  e  r  >  .  An  area 

of  the  heart  is  then  without  a  blood  supply  and  often 
permanent  damage  occurs.  This  heart  disease  is  often  the 
one  most  commonly  called  a  ''heart  attack''  and,  as  is  well 
known,  is  many  times  fatal.  If  a  person  survives  the 
orginal  ''attack'',  then  this  permanent  damage  shows  up  in 
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S uinm^£y  . 

This  appendix  has  briefly  examined  the  physiology  of 
the  heart  and  discussed  how  the  myocardial  tissue  generates 
the  electrical  fields  measured  by  the  electrocardiogram. 
Though  EKG  analysis  has  been  practiced  for  fifty  years, 
intense  research  continues  in  improving  EKG  diagnosis. 
Dramatic  improvement  in  computer  aided  EKG  analysis  and 
better  understanding  of  the  electro-physiology  of  the  heart 
is  leading  to  improved  cardiac  health  care  worldwide. 

The  heart  diseases  discussed  above  are  only  a  small 
subset  of  the  problems  which  can  afflict  the  human  heart. 
Should  the  reader  desire  a  more  thourgh  background  on  heart 
physiology  and  cardiac  disease,  Dubin's  book  (Ref  13)  is 
highly  recommended.  This  programmed  text  carefully  leads 
the  reader  through  EKG  analysis  and  is  easily  read.  For  a 
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with  the  terminology  used  in  describing  the  data  compression 
techniques  in  c  h  a  p  t  e  i-  s  2  and  3  .  The  appendix  begins  villi  a 
review  of  the  information  source,  proceeds  to  a  discussion 
of  the  transmission  channel  and  Shannon's  rate  distortion 
theory,  and  concludes  with  a  description  of  the  system 
encoder/decoder  . 

For  his  initial  analysis.  Shannon  proposed  modelling 
the  information  source  as  a  discrete  stochastic  process 
whose  output  is  governed  by  known  statistics.  As  pointed 
out  by  Davisson  and  Gray  (Ref  10:  2-4),  the  d  i  s c r e t e - t  i  m  e 
model  was  commonly  used  for  any  or  all  of  the  following 
reasons:  (1)  digital  communication  links  have  become  common 
place;  (2)  a  continuous  time  process  can  be  modelled  as 
discrete  by  sampling,  orthogonal  function  expansion,  or 
waveform  segmentation;  (3)  greater  simplicity. 

The  source  is  characterized  by  a  finite  set  of  possible 
outcomes  known  as  its  alphabet  A.  The  occurrence  of  a 
particular  alphabet  symbol  is  governed  by  probabilistic 
descriptors  (i.e.  probability  density  functions)  and  it  is 
assumed  that  the  source  produces  only  one  symbol  from  the 
alphabet  every  T^  seconds.  Hence  the  information  source  lias 
a  symbol  rate  of  R^=l/X^  symbols  per  second. 

The  next  question  of  interest  is  how  much  information 
is  conveyed  by  the  occurrence  of  a  given  source  symbol?  If  X 
is  a  discrete  random  variable  occurring  at  time  t,  and  x  is 


an  element  of  A,  then  the  random  variable  .s^XX  il!X£llI3JLlii2£ 
c  ■■  e  i'  e  f  i  n  e  d  .  That  is 

I(x)=-log  p{X=x)  (B.l) 
where  p{X=x}  is  the  probability  that  X=x. 

According  to  this  description,  the  less  probable  an  event 
is,  the  more  information  is  conveyed  when  it  occurs.  The 
base  of  the  logarithm  is  unspecified,  but  in  this  thesis  it 
is  assumed  to  be  base  2.  Hence  the  occurrence  of  symbol  x 
reveals  I(x)  bXXJ.  information. 

The  amount  of  information  received  per  observation  is 
of  interest,  but  one  would  like  a  measure  of  the 
•'uncertainty''  or  ''randomness''  of  the  source.  If  the 
stochastic  process  defining  the  source  is  considered 
stationary  (a  pretentious  assumption  but  one  generally  made) 
then  the  output  of  the  source  is  a  sequence  of  random 
variables  with  identical  probabilistic  descriptors.  The 
probabilistic  descriptor  will  be  defined  as  (u)  and  could 
represent  the  moments  of  the  random  variable  or  its 
probability  density  function  (PDF).  If,  in  addition,  the 
source  is  considered  ergodic,  then  statistical  averages 
equal  time  averages  and  calculation  of  the  set  (u)  is 
greatly  simplified. 

Given  that  the  discrete  process  is  ergodic,  or  at  least 
stationary,  then  the  source  output  at  any  time  is  described 
by  the  random  variable  X  with  range  A=(x(l),x(2;,...x(n)). 
The  measure  of  the  ''uncertainty''  or  ''ranuonness''  is 
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cc  lined  as  the  e.ili,£0£v  of  the  source  and  is  given  by  the 
w  lion 


where  p  is  the  probability  of  occurence  of  the  discrete 

i 

value  X  .  If  p  =0,  then  the  term  log  1/p  is  defined 

i  i  *  i 

equal  to  0  (i.e.  no  contribution  to  the  entropy).  Should 

the  range  A  be  of  infinite  extent  (i.e.  a  continuous 
source),  then  the  above  series  may  not  converge  nor  would 
p  ( X  )  necessarily  be  defined.  In  this  case,  n(X)  is  defined 
as  positive  infinity. 

As  example  (Ref  19:15),  let  X  represent  the  outcome  of 
a  single  roll  of  a  fair  die.  Then  A={1,2,3,4,5,6}  and  p 

i 

=1/6  for  each  i.  Here  n(X)=  ^  1/6  log^e  =  2.58  bits. 

6 

In  the  above  example,  the  statistics  goverjiing  the 
occurrence  of  a  given  outcome  were  uniform.  This  represents 
the  ''most  random''  case  with  a  resultant  maximum  of  the 
entropy  function.  Should  the  die  be  ''loaded'',  then  the 
predicted  outcome  is  ''less  random*'  and  hence  the  value  of 
H(X)  would  be  reduced. 

The  next  important  component  in  Shannon's  communication 
model  is  the  transmission  channel. 


120 


liiscrete  memory  less  channel  (D!1C)  as  depicted  in  Figure 
'  ■  -  .  1  h  0  I'  ’!  ('  is  d  c  s  c  r  i  b  e  d  ri  ;i  I  h  ci :  a  t  i  c  1  I  \  b  v  a  t  r  J  i  (  i  o  n  ! 

probability  which  relates  the  chance  that  a  given  output  y 
was  the  result  of  a  given  input  x.  If  the  input  to  the 
channel  is  a  random  variable  X,  and  the  output  is  a  random 
variable  Y,  then  a  quantity  called  c  ond  J.^20  n  a_l  £nlro£Y  can 
be  defined.  The  equation  defining  conditional  entropy  is: 


II  (  X  I  y ) 


n  n 

x=l  y=l 


(n.3) 


For  a  given  pair  X,Y  of  random  variables,  H(X|Y)  represents 
the  amount  of  uncertainty  remaning  about  X  after  Y  has  been 
observed . 

Now  since  ri(X)  represents  the  uncertainty  about  X 
before  X  is  known  and  H(X|Y)  represents  the  uncertainty 
after,  the  difference  n(X)-n(XlY')  must  represent  the  amount 
of  information  provided  about  X  by  Y.  This  quantity  is 
called  the  Siulu^i.  between  X  and  Y,  and  is 
denoted  by  : 

I(X;Y)=II(X)-lI(xlY)  (p  4) 

With  the  above  definitions  in  hand,  the  most  impv'rtant 
quantity  of  a  communications  channel  can  be  described;  tlint 
quantity  is  the  chaunej.  jC£JDac_it,y.  Chonncl  capacity  is 
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defined  as  the  maximum  amount  of  information,  per  unit  of 
time,  which  can  be  ’'reliably'*  transmitted  over  tic 
channe 1 .  Tha  t  i s  ; 

C=max {I (X;y) )  (36) 

Channel  capacity  is  closely  related  to  another  important 
parameter  of  a  communication  system  known  as  the 
r a t e -d i s t or t i o n  function. 

B  t.o  r_t  2  o  n  .  Shannon  postulated  the  existence  of  a 
mathematical  distortion  measure,  d(X,y),  to  measure  the 
distortion  or  loss  resulting  if  a  source  symbol  X  is 
reproduced  as  Y .  Unfortunately  this  abstract  distortion 
measure  is  difficult  to  quantify.  As  stated  by  Berger  (Ref 
4:6),  ''the  unavailablity  of  a  distortion  measure  that  is 
both  physically  meaningful  and  analytically  tractable 
constitutes  one  of  the  major  obstacles  to  progress  in 
(communication)  system  design.  ’’ 

Assuming  one  has  such  a  distortion  measure,  then 
associated  with  most  source-user  pairs  is  a  function  R(r)) 
called  the  rate  distortion  function.  The  rate  distortion  is 
important  in  that  it  gives  the  designer  a  mathematical  tool 
to  measure  the  amount  of  distortion  that  can  be  expected  for 
a  given  transmission  rate.  A  communication  sxstem  can 
achieve  a  given  fidelity  D  i_£  AUB  flUiK  iX  the  capacity  C 
exceeds  R(n).  Hence  R(D)  is  the  effective  rate  at  which  the 
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li  (  \  )  ,  is  less  than  or  t  i;  u  a  1  to  the  channel  capacity  C  ,  then 
t  r  a  n  s  r,  1  s  >  e  w  i  t  i  ;  e  r  >■  e  •  r  ..  r  i-  ..  i;  '■  e  o  h  ;  a  i  i;  o  <!  .  i  *-  a  i'  a  /  i  ; 

result  is  not  without  cost,  however.  To  reduce  the  source 
entropy  (as  seen  by  the  channel)  requires  £od2 .  EE££d££ 

In  most  circumstances,  the  output  of  the  information 
source  is  not  suitable  for  direct  input  into  the  channel. 
To  match  the  source  to  the  channel,  much  like  matching 
impedances  in  circuit  theory,  is  the  job  of  the  encoder. 

The  encoder  incoporates  all  of  the  functions  which 
process  the  source  data  for  transmission  over  the 
communication  channel.  This  includes  coding, 

analog-to-digital  conversion,  and  modulation.  In  order  to 
transmit  without  loss,  integers  K  and  L  must  exist  such  that 
KTs-LTc.  This  guarantees  that  the  received  sequence  (Y)  has 
the  same  £imboj.  rji^£  as  the  transmitted  sequence  (X)  . 

As  illustrated  in  Figure  B-1,  the  endoder  is  divided 
into  two  functional  subunits.  The  first  of  these  subunits 
is  the  source  encoder. 

^£I1£££  E  n  c  o4^£  .  Source  encoding  is  the  operation  by  which 
the  source  output  is  mapped  into  an  alterate  symbol  set  with 
the  goal  of  reducing  source  sequence  dependence  (i.e. 
reduce  redundancy).  Source  coding  is  the  transforr^ation  in 
which  da_t£  occurs. 

The  first  source  codes,  as  conceived  by  Shannon,  were 
bi  o£k  £od££  where  blocks  of  source  symbols  were  mapped  into 
a  single  representative  channel  symbol.  This  type  of 
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encoding  is  sin  pie,  but  efficient  only  if  tjie  source  repeats 
a  i  V  0  r,  ,  const  a  r.  t  1  c  n  ;  t  !  ,  s  u  c  r.  e  c  of  s  y  i  b  o  is  on  :■  f  r  c  (;  i:  c  i-  I 
basis.  Another  type  of  source  coding  is  variable  lengtli 
coding  . 

In  vax_i^bl^^  £^4^1  »  those  source  symbols  which 
occur  most  frequently  are  assigned  the  shortest  channel 
codewords . 

One  of  the  most  popular  variable  length  codes  in  use  was 
originally  proposed  bj’  Huffman  (Ref  16:31-34)  in  the  early 
fifties.  This  code  is  in  a  class  known  as  iinj^_qu^2£ 
4£££4ii^  ^  £  (UD)  codes.  UD  codes  imply  that  the  codev/ords, 
regardless  of  length,  are  unique  sequences.  Hence  decoding 
is  instantaneous  upon  codeword  reception(i.e.  the  decoding 
does  not  depend  upon  reception  of  the  next  codeword). 
McEliece  has  shown  (Ref  19:244-245)  that  the  Huffman  code  is 
0£_tj:,maj^  in  the  class  of  UD  source  codes. 

Many  techniques  for  source  coding  are  available. 
Chapter  2  of  this  thesis  discusses  some  approaches  used  in 
''compressing''  electrocardiogram  waveforms. 

The  otuput  of  the  source  coder  is  generally  a  sequence 
of  discrete  symbols  (i.e.  binary  l|0)  suitable  for  futhcr 
processing  by  the  channel  coder. 

£ll££d£i!  •  Shannon  proved  that  if  the  rate  of  the 
source,  as  seen  by  the  channel,  is  less  than  the  channel 
capacity  C,  then  ''noiseless''  or  error  free  transmission  is 
theoretically  possible.  The  goal  of  channel  encoder  is  to 
combat  channel  noise  to  achieve  a  probability  of  crrc'r  (Pe) 
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which  approaches  zero. 

Channel  encoders  allow  a  r  c  d  n  c  t  i  o  n  of  P  e  by  s  c  1  e  c  t  i  c  1  \- 
reinserting  redundancy  which  lias  been  removed  by  the  source 
coder.  This  redundancy  allows  error  detection,  and  with  the 
proper  codes,  error  correction  by  the  decoder.  Hov/  close 
the  Pe  approaches  zero  is  purely  a  function  of  the  effort 
(and  money!)  spent  on  channel  coding. 

A  common  channel  coding  technique  is  the  use  of 
''parity''  bits  in  digital  communication.  With  parity 
checking,  a  bit  (or  bits)  is  added  to  the  source  word  which 
represents  the  number  (odd  or  even)  of  ''ones''  in  the 
word.  For  example,  if  odd  parity  is  defined  and  the  source 
word  is  1100101  then  a  single  parity  bit  of  0  implies  an 
even  number  of  ones  (llOOlOllO). 

Parity  checking  in  the  example  above  will  d£_t££t^  a 
bit  error  in  transmission.  A  more  powerful  technique 
is  Hamming  codes. 

The  Hamming  code  is  in  a  large  class  of  codes  known  as 
linear  codes.  Hamming  not  only  detects  errors  in 
transmission,  but  will  £or;r^^Jt  errors  to  a  certain  level. 
This  correction  is  accomplished  by  multiplying  the  received 
codeword  by  a  matrix  known  as  the  .si[il.dx^m^ .  In  the  case  of 
Hamming  codes,  the  output  from  this  transformation  is  the 
bit  position  in  error. 

D^jc  o  d^  r 

As  would  be  expected,  the  decoder  is  the  inverse 
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operation  which  outputs  an  estinatc  of  the  data  input  to  llie 
n  e  o  f  e  r  .  I'  he  decoder  is  c  i  r  p  o  .  e  d  o  !'  I  !  c  e  . .  n  n  el  i:  e  c  o.  d  e  r  d 

the  source  decoder.  The  channel  decoder  uses  the  redundancy 
added  by  the  channel  encoder  to  perform  error  checking 
and/or  correctio  .  The  source  decoder  takes  the  ''correct'' 
data  output  from  the  channel  decoder  and  ''decompresses'' 
the  data  to  produce  an  estimate  of  the  information  source. 
Information  theory  has  shown  that  if  enough  time, 
complexity,  and  money  is  spent  on  channel  encoding,  and  the 
information  rate  is  belov/  the  channel  capacity,  then  ''error 
free''  transmission  is  possible. 

This  appendix  has  been  a  very  brief  summary  of  a  very 
large  field  of  study.  The  key  words  underlined  throughout 
this  text  are  terminology  whicl:  appear  in  the  theory 
chapters  (2  and  3)  of  the  thesis.  For  a  more  thorough, 
mathematical  treatment  of  the  fields  of  Infor:''ation  Theory 
and  Coding,  the  reader  is  encouraged  to  refer  to  the 
textbooks  by  McEliece  (Ref  19)  and  Berger  (Ref  4).  The  IK EE 
Press  and  Benchmark  book  (Ref  10)  is  an  execcllent  source 
for  a  survey  of  the  key  papers  in  the  field  of  Data 
Compr  e  s  s i on , 
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^pcnclix  C 


This  appendix  contains  the  6800  assembly  language 
source  programs  or  the  EKG-DAAS. 


129 


000?.  0 

00040 

00070 

00080 

00090 

00100 

00110 

00120 

00130 

00140 

00150 

00160 

00170 

00180 

00190 

00200 

00210 

00220 

00230 

00240 

00250 

00260 

00270 

00280 

00290 

00300 

00310 

00320 

00330 

00340 

00350 

00360 

00370 

00380 

00390 

00400 

00410 

00420 

00430 

00440 

00450 

00460 

00470 

00480 


•k  • 
k 

*  \  y.' ' \i ' :  yyc-Yyy 'c 

*  AL'iiiuK  :  c/i’;',  ’mr.  ri:.:) 

*  VERSiai  :  1.8 

*  VERSira  DATE  2  OCT  80 

* 

* 

*  PROGRAM  DESCRIPTION 

* 

*  THIS  PROGRAf-1  IS  II'E  EXCa’TIVE  RajTIME  V.TOCH 

*  CmTROLS  THE  FXORCTSER  DCG  DATA  AvCOUISITICM 

*  s^’STei.  Ttiis  RarriT’E  cAiis  ovtlrijxyed  fp.cgpams 

*  WilCH  PERFOPll  DATA  COLLEClTOH,COnPRF.SSIO^],STOR/\G 

*  AND  RECON  SlTvUGTIC::. 

*  THIS  SOPT.’ARE  IS  VA  SDPPOPT  OP  Tf^FSIS  RESEARCH 

*  TO  lUuITIFY  T!!R  MOST  EFFICIHIT  EKG  DATA  CQ-H’REFS 

*  ION  ALG.ORI'nin  IN  n!E  TEST  SET. 

* 

*  Cau-IAND  OPTIOIS 

k 

*  0=STORAGE  WITHOUT  CKIPRESSION  {10  BIT) 

k 

*  I=caif-IPRESS  1-7ITH  AI^tOR  TOLAN-A 

* 

*  2=Ca.lPRESS  VTira  ALGOR  TOIAN-B 

* 

*  3<n.lPRESS  WITH  AIjGOR  DQ-TIR 

* 

*  4<X)t.lPRESS  WITH  ALCOR  2ND  ORDER  INTER1X5L 

* 

*  5=CaiPRESS  WITH  ALGOR  rjRin?T 

* 

*  6=DISPLAy  COLLECTED  DA\TA  &  STATS 

* 

*  7=JUMP  PROGRAM  CaiTROL  TO  DOS 

* 

*  8=JUMP  PROGRAM  CONTI^OL  TO  E<BUG 

* 

*  9=LOAD  &  EXECUTE  OTHER  OVERJJ^YS 

k 

*  S=SAVE  CUR  tei  FILE  TO  DISK 

* 

*  START  OF  PROGRAM 

* 


00490  IDOO 
00500 

k 

ORG 

$1D00 

PROGRAM  START  IOG\TirN 

00510 

OPT 

0 

ASSB  OFT  70  CREA7E  OM  piLE 

00520 

00530 

k 

OFT 

NOG 

ASSB  0!T’  TO  SUP  l-CC  ENT 

00540 
00550 
00  560 


*  LABI,E  DECIJ\RATICfTS 

* 


130 


C0"0 

on '■-80 


co"n 

nnc:  on 

*  Si:PPCi:T  Sl‘ 

-SPP.P 

'‘.1’’  <  ;  ’ 

. 

.  •  ■ 

'  ^  • 

00610 

CA36 

KEYFDO  BQU 

$CA36 

EOS.  KFYDD  U'MO'  ua-Tr'.E 

00620 

FOOO 

EXBUG  EQU 

$F000 

EXBUG.  DCBUG  irZIPV  FT 

00630 

2800 

DOS  DQU 

$2800 

DOS.  DOS  H’TPY  rr 

00640 

C75n 

V.-RITEO  EOU 

$C75B 

EOS.  CLR  PASS  .'IT')  BITTER 

00650 

CC87 

CLRPAS  EOU 

$CC87 

EOS.  CLR  PASS.JRD  pUrFFR 

00660 

C7C8 

DRIVE  rxiu 

$C7C3 

EOSIO.  DSK  DRIVE  SELECT 

00670 

C803 

RLIB  EOU 

$C803 

EOSIO. 

00680 

C807 

EQU 

$C807 

EOSIO. 

00690 

CE52 

LOAD2  EOU 

$CE52 

EOS.  lO.AD  PRGU  ROUTHTE 

00700 

CBDA 

005^2  BQU 

$CBDA 

EOS.  ALT  FOS  EITFRY  IXG 

00710 

E055 

BYTE  EOU 

$E055 

HIKEUG.  GET  TO  HEX  DIG  FPIl  TE 

00720 

-k 

007  3  0 

*  DATA  BUFFERS 

00740 

★ 

00750 

3066 

NAJ.-iE  EOU 

S3  06  6 

MTE  BUFFR  FOR  FILE  I/O 

00760 

3060 

TEMPXl  EOU 

$3060 

TCIP  2  BYTE  S'i’O:!  IT.TFR 

00770 

3062 

TEnPX2  EOU 

$3062 

TEUP  2  BCTE  STOP,  Bl’ErP. 

00780 

3058 

STARTX  EQU 

$3058 

LO.'.TST  ADDR  USIJ)  IM  PRC!'. 

00790 

305A 

EJIDX  EOU 

$305A 

HIGHEST  ADDR  USED  1!’  PPOU 

00800 

305C 

GOX  EOU 

S305C 

S'L\RT  EXECUTE  ALDR 

00810 

OOIB 

PROGX  EOU 

$001B 

DISK  I/O  ERR  VEC  ADDR 

00820 

0008 

Bf'IEMH  EOU 

sSCOOe 

00830 

3002 

EIIDBUF  ECU 

$3002 

DUE  WITH  /\DDR  OF  lAST  G'AR  IE 

00840 

3400 

HDRSTR  EOU 

$3400 

START  OF  ’LE.M  FILE  ITR  SECl’OR 

00850 

3004 

BUFFER  EOU 

$3004 

KLTBD  IMPUT  PUFFER  STAKl’ 

00  860 

3057 

TYPE  EOU 

$3057 

TYPE  OF  FILE  FOR  I/O 

0  0  870 

1C96 

STKSAV  FOU 

$1C96 

TCIP  STACTC  C.A'.T  PUI'Fr.P, 

00880 

1C98 

CPP'rL’P  FOU 

S1C93 

COHPRESSION  TYPE  BUFFER 

00890 

1C9A 

cairr  fou 

$1C9A 

GrP.-ERM.  B  FIT  capirER 

00900 

1C9B 

MAJIFIT^  i-OU 

$1C9B 

NA'IE  POINTER  FOR  CTESOLE  1/0 

00910 

1C9D 

VECSAV  EOU 

$lC9n 

IP.0  VEC  SyW,  PUFFER 

00920 

1C9F 

OLA.YOO  EOU 

S1C9F 

OWTJAY  l-XL'aJTE  FLAG 

00930 

ICAO 

dgofijg  fou 

SICAO 

PRSTACr  LOAD  VS  ITECUTE  FLG 

00940 

ICAl 

Fir.ffLC  EOU 

$1GM 

FILIDR  SU'D  ADDR  P.'SS  BIT 

00950 

1CA3 

SAVTLC  EOU 

$1CA3 

S-YVEFL  ST)  ADDR  'PASS  BIT 

00960 

1CA5 

BX/VJI.C  EOU 

$1G35 

IP'ASC  SET  ALD.R  PASS  PUB 

00970 

1CA7 

IIXBUF  EOU 

$1CA7 

IK/SC  PAJAAiTR  EUi'FKR 

00980 

1CA9 

PDFPLC  EOU 

SICA  9 

FDFPRT  .SUB  .A'D!?  I'A.SS  BIT 

00990 

IC'VB 

O'/PiLC  EOU 

SICAB 

OV!T,AY  SUB  ALER  PASS  !'IT 

01000 

ICAB 

OVRI^UF  EOU 

SICAD 

O'.TTAY  PAJA'vVJ'l'R  R.'SS  '’I’iTTT. 

01010 

3490 

LOCPCT  EOU 

$3490 

TOIL  CAL  I  OCAS  LB'C  E  '  B  TT 

01020 

3494 

S.YIPUO  EQU 

S3  4  94 

NUi'i  OF  SAvHPI.iS  T';- 

01030 

34% 

IJCAL  inu 

$34% 

1X71  OF  CAL  lOOPS  IB"  1  I'ET 

01040 

3497 

MAXZ  EO'U 

$3497 

f’AX  M.U  IM  G1  Z 

01050 

3498 

MAXZIiO  ETiU 

$3498 

LOC  OF  TAX  '/1 .11  IM  Cl;  A, 

01060 

349A 

MIUZ  EOU 

S349A 

riPI  VT.U  IN  CH  Z 

01070 

349B 

MlliZiX)  FOU 

$34  9b 

IOC  OF  HIM  VI, U  IM  C!I 

01080 

349D 

IW\T  F:OU 

S349D 

[AX  \T,n  IM  CH  Y 

01090 

349E 

MAXYI/)  EOU 

$349E 

ux:  OF  UuLX  VTU  1!’  ('H  V 

01100 

34An 

MINY  E(;X1 

$34An 

niM  VLH  IN  CH  V 

131 


Eiic-i: 

•'  •  r\ 

OHIO 

3*^ 

FJH.ir 

)  ir>'j 

S3  4A1 

IOC  OF  EIU  VIE  d;  cm  y 

03120 

34A3 

MAXX 

FOU 

S34A3 

MAX  H.U  IE  CM  X 

01130 

:a4 

FAOIO 

!  iC- 

r.34A4 

IOC  r:;::  h."  r  :: 

i  ll-'Q 

34 

■A6 

riiHc 

IV'L 

S3-:A5 

or;  ViC  r:  cm 

01150 

34A7 

FIMXLO 

ECU 

$34A7 

IOC  OF  M.ri  VI. U  IM  CM  X 

01160 

34A9 

MtHBIT 

BQU 

$34A9 

ML7-1  OF  BITS  AWJL  FOR  STO 

01170 

34AC 

ETABIT 

ECU 

$3  4  AC 

iniM  OF  BITS  USID  TO  STO  D^I’A 

01180 

34B0 

XBITS 

ECU 

$34no 

MUM  OF  BITS  Urni  30  S30  X 

01190 

34B3 

YBITS 

EQU 

$34B3 

MUM  OF  Bl'rS  USED  'fO  S30  Y 

01200 

34B6 

ZBITS 

EQU 

$3406 

MUM  OF  BITS  USED  TO  G'lO  Z 

01210 

34B9 

TBITS 

EOU 

$34B9 

MUM  OF  BITS  USED  70  STO  TIH 

01220 

34DC 

ACELCT 

ECU 

$34BC 

#  BITS  FED  70  VAR  LEI’  CODER 

01220 

34C2 

RAS5AV 

ECU 

$34C2 

SAVE  LOG  FOR  VI.U  $3620  ITT 

01240 

3460 

IIAXMIM 

DQU 

$3460 

START  OF  MAX, MIX  ASCII  PUFH 

01250 

34C3 

EMTPvPY 

EQU 

$34C3 

START  OF  EMTROPY  TABLE  Ii:  A' 

01260 

3C00 

SECZRO 

DOU 

S3C00 

SEC  0  OF  MEM  FILE 

01270 

0019 

SAVEX 

EQU 

$0019 

7-13  IP  LOC  70  SAVE  IIMJh'X  REO 

01280 

3500 

XPDF 

EQU 

$3500 

IOC  OF  X  PDF  Elii  PER 

01290 

3700 

YPDF 

EQU 

$.3700 

LOC  OF  Y  FDF  ^UEFFP. 

01300 

3900 

ZPDF 

ECU 

$3900 

LOC  OF  Z  PDF  P.U1'FER 

01310 

3  BOO 

TPDF 

EQU 

$3B00 

LOC  OF  TIME  PDF  BUFFER 

01320 

80  00 

BUFEMD 

EQU 

$8000 

E3JD  OF  MEM  BUF 

01330 

* 

01340 

*  HARDtIARE  ADDRf-SSES 

01350 

01360 

E500 

DACZRO 

I'X)U 

$E500 

DAC  0  ADDRESS 

01370 

E502 

DACC^:!' 

IX}U 

SE502 

D  :THIS  naiTIEE  IS  Ti’’E  EXECU’ 

01460 

*  COMTROLLER 

OF  TOE  EKG  DATA  ACQ  SYS 

01470 

★ 

01480 

* 

01490 

IDOO 

OF 

START 

SEI 

STOP  POSSIBLE  TOTE  Cl  RESET 

01500 

IDOl 

CE 

4000 

LDX 

#$4000 

01510 

1D04 

FF 

E500 

srx 

DACZRO 

aJl  DACS  £<  SET  SEL  1  HIGH 

01520 

1D07 

FF 

E502 

STX 

DACCX'IE 

01530 

IDOA 

CE 

21 4A 

LDX 

#FILIIDR 

01540 

IDOD 

FF 

ICAl 

STX 

FILHLC 

RIT  FILIDR  ADDR  IM  P/DS  BUFF 

01550 

1D3  0 

B6 

3620 

LDA  A 

$3620 

01560 

1D13 

B7 

34C2 

STA  A 

BASSAV 

SAVE  aiRREMT  #$3620  IM  BUF  F( 

01570 

1D16 

CE 

20  8E 

LDX 

ifSAVFFL 

01580 

1D19 

FF 

1CA3 

STX 

SAVEI.C 

PUT  SAVrPL  7DDR  IM  PASS  BUF 

01590 

IDIC 

CE 

23  DB 

IDX 

#h'XASC 

01600 

IDIF 

FF 

1CA5 

STX 

FKASI.C 

R'T  HXASC  ADDR  IN  PASS  BUF 

01610 

1D22  CE 

22C2 

TDC< 

I-PDFPRT 

01620 

1D25 

FF 

1039 

STX 

pnFPr,c 

FOT  PDFPRT  ADi'R  IM  PASS  BUF 

01630 

1D28 

CE 

2067 

IDX 

fC/RLAY 

01640 

in2R 

FF 

ICAB 

Sl'X 

o'yrx.ryC 

RJT  OVPIAY  ADDR  IM  ’'"'S  PDF 

01650 

1D2F; 

CE 

IDFO 

LDX 

#START 

01660 

1D31 

FF 

2803 

STX 

DOS+1 

01670 

1D34 

7F 

1C9F 

CLR 

OLAYGO 

ail  CM' 'PI  AY  1X7!  FLAr; 

01680 

1D37 

IF 

ICAO 

QLR 

I/GOFIjC 

a.R  FRSTAT  LOA  )  ITO 

01690 

1D3A 

4F 

CLR  A 

01700 

1D3R 

P,D 

C7C8 

JSR 

DRIVE 

IMSURE  EXEC  71  ,F  7^A  b;  ’TO  0 

01710 

1D3E 

BD 

ir:6F 

JSR 

C1DIN 

maiPT  f.  o;  T  f,  to"m 

01720 

1D41 

Cl 

30 

CMP  B 

#’0 

IS  CMAD  ASCII  n? 

132 


C173C- 

1043 

26 

09 

EME 

EXCil 

f-IO,  OiFGI  O'T  !’ 

on-'if! 

1!M5 

CF 

1DC7 

IJ3X 

#MOCPR 

WTJD  0'2FPJAY  M. 

1  r’ 

P'.'.'i 

I'/ 

a.;’; ;  0 

C17.... 

70 

2C67 

(■"/'■ISA' 

u.'ji  ix:,c. 

01770 

1040  Cl 

31 

EXCMl 

aiP 

B 

ri 

01780 

1D50 

26 

09 

WE 

EXCM2 

01790 

1D52 

CE 

lOCF 

LDX 

i!TOIJ\Ml 

01800 

1D55 

FF 

1C7U) 

STX 

OVRBUF 

01810 

1D58  7E 

2067 

JMP 

OVRIJVY 

01820 

1D5B  Cl 

32 

e:xcm2 

CIP 

B 

#•2 

01830 

1D5D 

26 

09 

EIIE 

EXCM3 

01840 

1D5F 

CE 

1007 

IPX 

#TOIAM2 

01850 

1062 

FF 

1C7>0 

STX 

OVPPUF 

01860 

1065 

7E 

2067 

JMP 

OVRLAY 

01870 

1D68  Cl 

33 

EXCM3 

QIP  B 

#'3 

01880 

1D6A 

26 

09 

BME 

EXCn4 

01890 

106C 

CE 

IDOF 

LDX 

#DO.’OR 

01900 

106F 

FF 

IQ'P) 

STX 

OVRBUF 

01910 

1072 

7E 

2067 

JMP 

OVFl.AY 

01920 

1075 

Cl 

34 

EXCM4 

GIP 

B 

i! '  4 

01930 

1077 

26 

09 

HIE 

EXCM5 

01940 

1079 

CE 

1DE6 

LDX 

WINTER 

01950 

107C 

FF 

ICAO 

STX 

OVRPl'F 

01960 

107F 

7E 

2067 

JMP 

OVPJ  AY 

01970 

1082 

Cl 

35 

EXCM5 

aiP  R 

#'5 

01980 

1084 

26 

09 

HIE 

EXCM6 

01990 

1086 

CE 

IDF-E 

LDX 

SlUrCIFT 

02000 

1089 

FF 

1C7P 

STO 

OVjIPUF 

02010 

1D8C  7E 

2067 

JMP 

O'/FGAY 

02020 

1D8F  Cl 

36 

ED<CM6 

GIP 

B 

.  '6 

02030 

1091 

26 

09 

HIE 

£>.^•17 

02040 

1093 

CE 

1DF6 

IPX 

ilDISPI 

02050 

1096 

FF 

IGAD 

STX 

OVFPUF 

02060 

1099 

7E 

2067 

JMP 

OVRIVVY 

02070 

109C 

Cl 

37 

EXCH7 

CTIP 

B 

S'7 

02080 

1D9E 

26 

09 

HIE 

EXCM8 

02090 

lOAO 

CE 

2FCO 

LDX 

f-$2Ra3 

02100 

10A3 

FF 

2801 

STX 

DOS+1 

02110 

10A6 

7E 

2800 

JMP 

DOS 

02120 

10A9 

Cl 

38 

EXCI18 

CIP 

B 

#'8 

02130 

lOAR 

26 

03 

r^ME 

EXCM9 

02140 

IPAD 

7F 

FOOO 

JMP 

EXilUO 

02150 

10! ’.0 

Cl 

39 

EXG'ig 

QiP 

B 

i* '  9 

02160 

1002 

26 

09 

PilF, 

EXCMS 

02170 

10P4 

CE 

ItO’E 

IPX 

W/IMSC 

02180 

101^7 

00 

GA.‘T7 

JSR 

aiTFUT 

02190 

lOOA 

7E 

G’DA 

JMP 

DOSTO2 

02200 

loop 

Cl 

EXCM^ 

QiP 

B 

t'S 

02210 

lOFF 

26 

03 

HIE 

EXCITIO 

02220 

loci 

no 

2080 

JSR 

SAVOi’L 

02230 

10C4 

7E 

IDOO 

r7';cr::D 

JMP 

FTART 

02240 

★ 

02250 

ior7 

4F, 

OOCPH 

FCC 

/NOCPRS* 

/ 

02260 

IIXIF 

54 

TOI7\iM 

FCC 

/TOIA*I-AV 

c: ; 

.'T  ra-: 

C/.’'  j-u'-.'. 


133 


c::'" . 

J  !  >'01 

54 

I'd  A*  :  2  ECC 

/T0LA!>1',*/ 

02/ ‘0 

1  DDE 

44 

DQTER  PCC 

/Da-JER*  / 

('■ 

lETER  ECC 

/lETEEELV 

i .  2 ’  - 

■' -t 

:cc 

/ 

02310 

1DF6 

44 

DISPL  ECC 

/DISPLAY*/ 

02320 

IDEE 

lA 

aTilSG  FCB 

SIA 

02330 

IDEE 

45 

FCC 

/EMTER  "RUN  FILNAE’’  TO 

LOAD  &  EXEaiT 

02340 

1E25 

4F 

PCC 

/OVERLAY  "FILENWE"./ 

02350 

1E38 

ODOA 

FDB 

$0D0A 

02360 

1E3A 

28 

FCC 

/(VARNIIJG:  OVERLAY  MUST 

FIT  BET'TIEI^  / 

02370 

1E5D 

30 

FCC 

/0100-1400)/ 

02380 

1E67 

ODOA 

FDB 

$0D0A, $0D0A, $003E , $2004 

02390  * 

02400  *  END  EKG-EXEC 

02410  * 

02420  *FUNCriC»I  tQ-TDIN 

02430  *INPU'ES  (REG)  :NaJE 

02440  ‘OUTPUTS  (REG) :B 

02450  ‘CALLS  :OU'rPUT,KE\T.UO 


02460 

‘DESTOOVS  :AI.L  PJ33S 

02470 

‘PURPOSE  :TO 

PRINT  PRaiFT  MESSAGE  AI'JD  REM)  COMMAITO 

02480 

*  FRai  COt^SOLE. 

02490 

* 

02500  1E6F  CE  1E7F 

CmiN  LDX 

#a-1KlSG  LOAD  OUT  PER 

02510  1E72  BD  CA8F 

JGR 

arn!CR 

02520  11175  BD  CA36 

JSR 

KEYDDO 

02530  1E78  FE  3002 

LDX 

ENDBUF  SET  PRT  TO  LAST  QViR  ENTERED 

02540  1E7B  09 

DEX 

02550  1E7C  E6  00 

LDA  B 

0,X 

02560  1E7E  39 

RTS 

02570 

* 

02580  1E7F  1A07 

CfraiSG  FDB 

$1A07 , $0D0A, $OAOA AOAOA, $0A0A 

02590  1E89  45 

FCC 

/EKG  DATA  ACQUISITION  SYSTEl/ 

02600  1EA4  ODOA 

FDB 

$0D0A, $0D0A 

02610  1EA8  43 

FCC 

/CaiMAND  OFTICNS;/ 

02620  1EB8  ODOA 

FDB 

$0D0A, $0D0A 

02630  lEBC  44 

FCC 

/DATA  ACQUISITION/ 

02640  lECC  ODOA 

FDB 

$0D0A, $0D0A 

02650  lEDO  20 

FCC 

/  0=STORAGE  WITH  NO  COMPRESSION/ 

02660  IEEE  ODOA 

FDD 

$ODOA 

02670  lEFO  20 

FCC 

/  1=COMPRRSSION  VIA  TOIJNN  7\LGQPJTHM  A 

026  80  1F14  ODOA 

FDD 

$ODOA 

02690  1E16  20 

FCC 

/  2=00:iPRrSSI0N  via  totan  algoritpi  b 

02700  1F3A  ODOA 

FDD 

$0D0A 

02710  1F3C  20 

FCC 

/  STOONPRESSICN  \NA  DQ-nT.  AIYXiRITOM/ 

02720  1F5E  ODOA 

FDB 

$0D0A 

02730  1F60  20 

FCC 

/  4=OaMPRESSIOn  VIA  2ND  ORDER  ITTEPvPL 

02740  1F89  ODOA 

FDB 

$0D0A 

02750  1F8E  20 

FCC 

/  5=COMPRFSSION  VIA  TORNING  POIIT  AIC 

02760  lEBl  ODOA 

FDB 

$0D0A,$CDGA 

02770  1EP.5  44 

FCC 

/DATA  DISPLAY/ 

02780  irx:i  ODOA 

FDB 

$0D0A,$0D0A 

02790  lECE  20 

FCC 

/  6=PRINT  DATA  STATISTICS  OR  / 

02800  lEE.l  44 

FCC 

/DISPIAY  DATA/ 
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c^rio 

02820 
QO  O') 

o::<  .■;) 

02850 
0  2  860 
02870 
02880 
02890 
02900 
02910 
02920 
02930 
02940 
02950 
02960 
02970 
02980 
02990 
03000 
03010 
03020 
03030 


03220 

03230 

03240 

03250 

03260 

03270 

03280 

03290 

03300 

03310 

03320 

03330 

03340 


FDB  $0n0A,80DCA 

FCC  /PROGRAM  OCXITROL/ 

FDB  S  ODOA , ?  PDOA 

"GC  /  7=1 '’.'T':-’*-’  'p)  nf/'r/ 

FDB  $0D0A 

FX:C  /  S^REIURI'!  TO  EXBUG/ 

FDB  $0D0A 

FCC  /  9=L0/\D  &  EXECU'I'E  USER  ENTERED  OVERL 

FDB  $0D0A,$0D0A 

FCC  /ENTER  CaiMAND  Na-;=/ 

FCB  4 

* 

*  END  QDIN 

* 

* 

*Fui':cTiaj  :o\mj\Y 

*INPUTS  (PIT-)  :X 

*OUTI'’UTS  (REG)  MIGIE 

*CALLS  :Cur:;AM,PirE''M,Cf/EIT.AY  AT  0,X 

^DESTROYS  :AI.L  RrOISTE'^.S 

*PURrOSE  r-OAD  AX’D  'iEIM  raEa.’TE  OVERLAYS 

*  ASSOCIATtT!  WITil  1j;G-D:EC  & 

*  SPECIFIED  BY  THE  n;F:jT  COMI'AND. 


Oil  NAT-E  BUFFER 

CLEAR  PASSl.’CRD  BUFFER 

PUT  DOS  FILENAME  13Ur  IN  KAliPr 

POINT  X  TO  CI.TOAY  rA?T: 

RIT  CTTRIAY  NAIT;  T;i  NA’’E 
DEFINE  FILE  TOPE 

LO,^D  FILE  POINTED  TO  BY  STB 
SET  UP  CaiPARE  FOR  O'/KTAY  FCN 
IS  FLAG  TRUE? 

YES.  TRIAT  AF  STIB!' 

r;0.  TREAT  CI/rLAY  AN  APS  jmp 
JUMP  TO  O'.T'.RIAY 


*  END  OVRLAY 

* 

* 

*FUNCTiai  iSAVEFL 
♦INPUTO  (PEG)  :NaiE 
*OUTPUTO  (REG)  iNCtNE 

*CAI.LS  :CLiyAF ,DRIVE,V7LIB,V'1<IYLEU ,a iTO'UT 
♦DESTROYS  :AEL  RTOTS'IFJtS 

♦PURPOSE  ;TO  SAVE  13XG  DATA  FILES  PFI'IDirr,  L 
♦IN  MEMORY  IXiCATIONS  3A00-7FFr  ON  DIML  :  i:.' 
♦  PICKED  OFF  OF  FILE  FiFVajER  AT  lOL'  jAU.'.-JAc 


03040 

★ 

03050 

★ 

03060 

•k 

03070 

2067 

BD 

20E1 

(JJPIAY 

JSR 

CLRNWl 

03080 

2C6A  BD  CC87 

JSR 

CLRI’AS 

03090 

206D  CE 

3066 

LDX 

#NAIE 

03100 

2070 

FF 

1C9B 

STX 

NAMPTR 

03110 

2073 

FE 

IGYD 

LDX 

OVRBUF 

03120 

2076 

ED 

20EF 

JSR 

PUTNAM 

03130 

2079 

86 

22 

LDA  A 

(f$22 

03140 

207  B 

B7 

3057 

STA  A 

TYPE 

03150 

207E 

BD  CE52 

JSR 

L-OAD2 

03160 

2081 

86 

AA 

IDA  A 

ft$AA 

03170 

2083 

B1 

1C9F 

CMP  A 

OLAYC-0 

03180 

2086 

27 

05 

BEO 

OVRITO 

03190 

2088 

8E 

AO  4  9 

IDS 

#$A049 

03200 

208B  6E 

00 

JMP 

0,X 

03210 

208D 

39 

OVPvRTS 

RTS 

■.■■iL  IS 


EI(G-lX-8 


03330 

* 

03360 

20  P''  rn  ‘21  SA\nYL  W^'R 

'  1  'll  r  •  • 

cirrx'i 

cij?  rJTFf’f’ 

033^0 

2093  oil  41’ 

■  -  ..  j 

aJJT.o 

03390 

2095  06  3620 

IDA  A 

S3620 

GET  :tm  I.OC  I'^R  save  EFCr. 

03400 

2098  07  34C2 

03’A  A 

tW'SW 

saw:  ir;  I'orFr.i: 

03410 

2090  CK  2141 

IDX 

GIAIEISC 

SFT  UP  PIT  50  r?.T  F/'JIE 

03420 

209F  OF  1C90 

FAFIPI’R 

03430 

20A1  CE  3402 

IDX 

i‘iniRSTR+2  X  TO  FIFFOM  TO  FAl 

03440 

20A4  8D  49 

R'TIAD 

r:t  fii,g;a;i  if  puf 

03450 

20A6  86  2  2 

IDA  A 

sS22 

SET  'ITP!'  OF  FTLF 

03460 

20A8  07  3057 

STA  A 

TYPE 

03470 

20AR  CF  3400 

IDX 

#HDRS'iT 

I/7AD  Bl'I'I'FR  571’ART 

03480 

20AF  FF  3058 

STX 

Sl’TyiET: 

03490 

20B1  CE  7FFF 

LDX 

liBdFEFD- 

1  LOYD  BUFFER 

03500 

2004  FF  305A 

STX 

EFDX 

03510 

2007  CE  2800 

IDX 

SS2800 

Wm  LGO  ADDRESS 

03520 

20PA  FF  305C 

ITTK 

COX 

03530 

20OD  DF  IB 

spy. 

RROCX 

03540 

2 OOF  OD  CC87 

JSR 

ODJ^AS 

CLR  P,\SSiJD  PUFFER 

03550 

20C2  CF  2119 

LDX 

SDRTISG 

03560 

20C5  FD  G38F 

JSR 

aiTICR 

03570 

20C8  BD  E055 

JSR 

BYTE 

03580 

20CB  OD  C7C8 

JSR 

DRIVT 

SEIDCT  DRIVE  01  lOR  SPWX 

03590 

20CK  OD  CR07 

JSR 

l.TIB 

03600 

20D1  DE  08 

LDX 

BilE'MH 

03610 

20D3  OD  C750 

JSR 

V-TITEO 

v;rite  buffer  lo  disk 

03620 

20D6  4F 

CLR  A 

03630 

20D7  BD  C7C8 

JSR 

DRIVE 

RESET  drift:  '',ACK  TO  0 

03640 

20DA  CF.  2123 

LDX 

SCAT'DG 

lOAD  aU'FUT  R'TETF.j; 

03650 

2 ODD  OD  CA87 

JSR 

aiTPUT 

03660 

20C0  39 

RTS 

03670 

* 

03680 

2001  CF  3066  CLPAIAJI 

L.DX 

POIMT  TO  UArJ'  i'.UF'ri'.P. 

03690 

20E4  C6  08  a.Ri:A0 

IDA  0 

SET  UP  Cl’/D  Cr-'i'Tr 

03700 

20E6  86  20 

IDA  A 

fS20 

ASCII  SPACE 

03710 

2008  A7  00  CLR-OAl 

Fl’A  A 

0,X 

Fir.L  lYUIE  BUF  IviTi  SIACFS 

03720 

20t7\  08 

INX 

03730 

20EB  5A 

DEC  B 

03740 

20ir  26  FA 

BNE 

ajiiiAJ 

03750 

20EE  39 

RTS 

03760 

•k 

03770 

20EF  EF  1C96  I1:TCAM 

STS 

STESAV 

SAVE  ST.ACP  PCJUTFR 

03780 

20F2  7F  1C9A 

QD 

OT'MT 

n,i:/vrs>  (Jv.-e'e:; 

03790 

20F5  35 

TXS 

'iTAFSI’Ei:  X  ■p'! 

03800 

(..F 

1  i_)X 

«r:Af!E 

piCTi  UP  n 'S  ■ 

03810 

201’9  C6  08 

IDA  B 

SET  UP  r:/:::'  :  ’  ug:’:  . 

03  820 

20FB  32  nniN’Al 

IFL  A 

Rir.i,  C7J-:  1  -ai  FT  v; 

03830 

201’C  81  04 

GIF  A 

i‘8n4 

IS  T'l-  4? 

03840 

20FF  27  15 

BOO 

nm!A2 

YFS.  UAIT'  PTI’D 

03850 

2100  ;a  00 

iri'A  A 

0,X 

NO.  P!\T<i:  ai/U  lu  I  "  " 

03860 

2102  08 

IMX 

031170 

2103  FF  3060 

STX 

TmiT.i 

S/XVT  lUDI  .X  :”G 

03880 

2106  FF  1C9B 

IDX 

NAOriT! 

LOAD  cofjult  ’  a:':  ' 
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2109 

A7  00 

STA  A  0,X 

STORI  P!  nat:us 

03«00 

2100 

08 

INX 

Piai  POINTER 

p  ;  ' 

2UV 

03  ‘ 

OlOi' 

iP  3060 

L2c:  Ti:  !:'>;! 

ret'Cy;;.  init;';  i-:Dg 

03930 

2112 

5A 

DEC  B 

03940 

2113 

26  i:6 

KIE  RJITIAI 

8  aiARS  YET? 

03950 

2115 

rc  1C96 

R-TMA2  IJIS  STKSAV 

YES.  PPSTORE  STACK 

03  %0 

2118 

39 

RTS 

03970 

* 

03900 

2119 

ODOA 

DR\'I'1SG  FDB  $ODOA 

03990 

211 B 

44 

FCC  /DRIVE? 

/ 

04000 

2122 

04 

fx:b  4 

04010 

2123 

1A07 

CATIISG  FDB  $1A07  ,$0D0A,  $0D0A 

04020 

2129 

44 

FCC  /DATA  SA'.TD  OM  DISK  FILE  / 

04030 

2141 

0008 

ITAI'AISG  RMB  8 

04040 

214  9 

04 

FCB  4 

04050 

* 

04060 

*  END  sa\t:fl 

04070 

* 

04080 

★ 

04090 

♦FUNCTION  ;FILfroR 

04100 

♦INPUTS  (P^,)  rNQNE 

04110 

♦OUTPUTS  (REG)  :NONE 

04120 

♦CALl£  :aJTPUT,KEY2D0 

04130 

♦DESTROYS  ;AJ.,L  REGISTE 

RS 

04140 

♦PURl-OSE  :TO  TEXT  D.\TA 

BLITIR  v;iTI!  ACCaiNT 

04150 

*  DATA  {NA:T:,Di’\TE,Ti::E 

,rTC)  A'HD  CLl.V^x  FOR 

04160 

*  DATA  STORAGX;. 

04170 

* 

041  80 

21 4A  BD 

21D7 

FILITR  JSR 

CLRBUF 

FILL  DATA  BUF  l.TTlI  UriRS 

04190 

21 4D 

BU 

21C9 

JSR 

CLRSEC 

ITID  NCI  FTl  E  SEC  3400  ’..TTl 

04200 

2150 

BD 

2288 

JSR 

PDFCL'l 

INITIALTZ;:  COLL  R.ACVl 

04210 

2153 

FE 

1C98 

LDX 

CPRT:'P 

PICK  UP  a.’-NPR  Ti’PE 

04220 

2156 

FF 

3400 

srx 

HDRS9R, 

STR  IN  lirYDER  SECTOR 

04230 

2159 

CE 

21  r5 

LDX 

4NANRriS 

aiT  FFR 

04240 

215C 

BD 

CAT.’ 

JSR 

aiTlCR 

"N7ut:  file  PLF/sSi:?" 

04250 

21 5F 

BD 

G\36 

JSR 

KLTP.nn 

04260 

2162 

C6 

02 

LDA  B 

il$02 

HE/'DF.R  fTOR  OFFSET 

04270 

2164 

I’D 

42 

B3R 

TXTSTO 

S50RE  rilLAEF  E'  PlYDEP  SEC 

04280 

2166 

37 

PSil  B 

SAW  NEXT  AVAIL  1E./J)  IOC 

04290 

2167 

Cl' 

2201 

TDX 

I’CITGI-G 

04300 

21 GA 

BD 

CArp 

JSR 

(Xl'INQl 

"TCNT  SUBJECT  ID?" 

04310 

21  GO 

IT) 

Ci\  3  6 

JSR 

KEY13D0 

04320 

2170 

33 

PUL  B 

REPRIEVE  STOP  OEESET 

04330 

2171 

W 

35 

BSR 

I4<TS'n3 

04340 

217  < 

37 

PSM  n 

04350 

217  4 

Ci: 

221E 

IDX 

iiRATiX'S 

04360 

2177 

I’D 

G7P'’ 

JFR 

aniia^ 

"COLL^'CTTON  F.'J'.ELTNC  '  T.T?" 

04370 

2 17  A 

i'D 

GM6 

JSR 

K8TP.D0 

043  80 

217n 

33 

PUT,  R 

043  90 

21 7  E 

819 

28 

13SR 

TXTSTR 

04400 

21  80 

37 

PSf!  B 

0441  0 

21  81 

CE 

2247 

IJ9X 

SDATIX'S 

04420 

218.4 

BD 

G78E 

JSR 

a.TNCi^ 

"DATE  (05  JUL  80)  . 

]:n 


C:.'.' ;  ' 

.:i«7 

BD  CA36 

KF/r.no 

C44‘'n 

21  8a 

,  33 

PUL  B 

L'-  • 

3  ; 

iV'R 

i';'.  ■-  U 

04470 

21 8E 

CE  225E 

LDX 

#TIMFNS 

04480 

2191 

BD  CA8F 

JSR 

OUINCR 

"TINE  (1420)?" 

04490 

2194 

BD  CA36 

JSR 

KEYBDO 

04500 

2197 

33 

Pin.  B 

04510 

2198 

8D  OE 

BSR 

TXTS'l'R 

04520 

21 9A 

37 

PSH  B 

04530 

21 9B 

CE  2270 

LDX 

#CONn.!S 

04540 

21 9E 

BD  a\8F 

JSR 

amiai 

"CaiNENTS  (FAX  80)?" 

04550 

21 M 

CD  CA36 

JSR 

KEYBDO 

04560 

21 A4 

33 

PUL  B 

04570 

21A5 

8D  01 

BSR 

TXTSTR 

04580 

04590 

21A7 

39 

■k 

RTS 

04600 

21A8 

PF  1C 96 

raTFTR 

STS 

STKSAV 

SAVE  STACK 

04610 

21/'>R 

8E  3003 

LDS 

#BUFFFR- 

■1  POINT  TO  INBIT  BUEFER 

04620 

21AE 

CE  3400 

LDX 

IliDPJTni 

POE’T  TO  mi'DNR 

04630 

21B1 

4F 

CLR  A 

SET  A  TO  ZERO 

04640 

21B2 

4C 

TXTSTl 

INC  A 

04650 

21B3 

08 

INX 

04660 

21B4 

11 

CBA 

IS  A  =  OFI  SM'? 

04670 

21B5 

2D  FB 

BLT 

rXTSTl 

r’O.  KEEP  TNCK'TINC 

04680 

21B7 

32 

TXTST2 

PUL  A 

YES.  GET  OAR  FP.a’  STACK 

04690 

21  BO 

81  04 

a-iP  A 

1?$04 

IS  IT  4 

047  0  0 

21BA  27  06 

BEQ 

TXTRTN 

YES.  EID  TEXT  ,PrAT'l 

04710 

2irc 

A7  00 

STA  A 

0,X 

NO.  STORE  ai/YR  IN  IlFABER 

04720 

21  BE 

5C 

INC  B 

04730 

21 BF 

08 

INX 

04740 

21C0 

20  F5 

BRA 

TXTST2 

04750 

21C2 

A7  00 

TXTRTM 

STA  A 

0,X 

04760 

21C4 

5C 

INC  D 

04770 

21C5 

BE  1C96 

LDS 

SIKSAV 

RESTORE  STACK 

047  80 

21C8 

39 

RTS 

04790 

21C9 

CE  3400 

a.RSEC 

LDX 

^niDRSTR 

POINT  TO  DATA  BUF  START 

0  4  800 

21CC 

86  20 

LDA  A 

#820 

ASCII  SPACE 

04810 

21CE 

A7  00 

CUISEI 

STA  A 

0,X 

STORE  SPACE 

04820 

21D0 

08 

INX 

04  830 

21D1 

8C  3500 

CPX 

#XPDF 

IS  SECTOR  SPACED? 

04840 

21D4 

26  F8 

ENE 

CLRSEl 

COUNT  >  ZRO? 

04850 

0  4  860 

21D6 

39 

•k 

RTS 

NO.  iriN 

04870 

21D7 

CE  3400 

a.FBUF 

LDX 

BTHIRSTO 

POINT  TO  DATA  F.UF 

04880 

2lrJA 

86  0  0 

IDA  A 

ifOO 

/\SCII  NliIJ. 

04890 

21IX:  A7  00 

CLRBUl 

STA  A 

0,X 

STORE  NUIJ. 

04  900 

2  IDE 

08 

IN'X 

04910 

21DE 

8C  8000 

CPX 

#BUFEND 

IS  EIDEX  REG  AT  END? 

04920 

21E'2 

26  F8 

PNE 

CUIBUl 

NO.  KEEP  GOING 

04930 

04940 

21 E4 

39 

★ 

RTS 

YES.  RE'IURN 

04950 

21i;5 

ODOA 

MTVIEBIS 

FDD 

$0D0A,80D0A 

0  4  960 

21E9 

4E 

FCC 

/N7U1E  DATA  FII.E  PLEASE?  / 
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rxc-i^c-c 


O'!  970  2200  04 

FCB 

^  ^  pnOAj 

P'nr; 

Obi.-uO  221 L  04 

FCB 

-i 

05010  221P  CDOA 

RATB’IS  FDB 

$ODOA, 80D0A 

05020  2223  43 

FCC 

/COLIJICTION  SADPT.ING  PA/FE  (500  IIZ)?  / 

05030  2246  04 

FCB 

4 

05040  2247  ODOA 

DATE-IS  FDB 

$0D0A, $0D0A 

05050  224B  44 

FCC 

/DATE  (05  JUL  80)?  / 

05060  225D  04 

FCB 

4 

05070  225L!  ODOA 

TIMEf'iS  FDB 

$0D0A,S0D0A 

05080  2262  54 

FCC 

/TIKE  (1423)?  / 

05090  226F  04 

FCB 

4 

05100  2270  ODOA 

CONTTIS  FDB 

$0D0A, SOOOA 

05110  2274  43 

FCC 

/Cail-iENTS  (KAX=8C)?  / 

05120  2287  04 

FCB 

4 

05130 

* 

05140 

*  END  PILHDR 

05150 

•k 

05160 

*FU14CTION  rPDK’LR 

05170 

*INPUTS  (REG) 

:NONE 

05180 

*(XITPl)'IS  (REG):NaiE 

05190 

*CALr^  tNOailING 

05200 

*DESTROYS  ;A, 

B,X,CC 

05210 

*PURPOEE  ;TO 

INITIALIZE  ST/VriSTIC  VLD.  &  CLEAR 

05220 

*  PDF  BUFFEP.S 

05230 

* 

05240  2288  4F 

PDFCrjl  CLR  A 

FILL  P;\R/ul  BUFF  LIT!  0 

05250  2289  CE  3490 

IDX 

?LOOPCr 

05260  228C  A7  00 

PDFCLO  STA  A 

0,X 

05270  228E  08 

T.NX 

05280  228F  8C  34C3 

CPX 

OENTRPy  FILL  VCLTH  0  OP  TO  EITROPY  EOF 

05290  2292  26  F8 

EKE 

PDFCLO 

05300  2294  CE  021F 

LDX 

#$021F  STORE  KAX  POSSIPLE  BITS  IN  KE 

05310  2297  86  FO 

LDA  A 

#$F0 

05320  2299  FF  34A9 

STX 

HEMBIT 

05330  229C  D7  34AB 

STA  A 

KEKBlT+2 

05340  229F  4F 

CLR  A 

05350  2Z\0  CE  3500 

LDX 

liXPDr  Na-I  CLR  PDF  BUF  /RCA 

05360  22^3  A7  00 

PDFCLl  STA  A 

0,X 

05370  22A5  08 

INX 

053  80  22A6  8C  3C00 

CPX 

#SECzno 

05390  22A9  26  F8 

BNE 

PDFCLl 

05400  22AD  86  80 

IDA  A 

S$80  107  SET  UP  IMITIAI.  JIAX  ^  KINS 

05410  22AD  C6  7F 

ri3A  D 

#S7F 

05420  22Af’  PJ  3497 

S7’A  A 

lAXZ 

05430  22n2  B7  349D 

STA  A 

MAXY 

05440  22B5  07  3 483 

Sl’A  A 

KAXX 

05450  22l’.8  F7  349A 

STA  B 

MIKZ 

05460  22l’.n  F7  34A0 

STA  B 

MET/ 

05470  22!’, i’  F?  34A6 

STA  B 

KINX 

05480  22C1  39 

RTS 

05490 

★ 

05500 

*  END  I’DPCrJ’ 
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CGfrc 

2327  FE  19 

I  LX 

hCGvC:.  C  R  FiJ’  .T-F 

06060 

2329  A6  00 

LDA  A 

0,X  LDA  RIB  BYTE  OF  PDF  VJT 

('-'1 

''2:'  Cl 

1  ^  . 

1,::  LF  LF.: 

l''  1-  > 

23 2i  ’  C  ’  23CF 

i 

06090 

2330  FF  1CA7 

Rrx 

IIXBUP 

06100 

2333  BD  23 DB 

JSR 

HXASC  COEA/  &  SIO  RSB  IN  ASC  STl 

06110 

2336  17 

TBA 

06120 

2337  CE  23CF 

IJ3X 

i)PDPIlS5+2 

06130 

23 3A  FF  ]CA7 

STX 

HXBUF 

06140 

23 3D  BD  23DB 

JSR 
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LDX 
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PUL  A 
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LDX 
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RTS 
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■k 

06210 
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PDFHSl 

FDB 

$1A0C , $0DCA, ?0A0A, SCACA, $0A0A 

06220 

2354  3 A 

FCC 

/:FILE  / 

06230 

235A  0008 

PDFNAl'l 

PTB 

8 

06240 

2362  ODOA 

FDB 

SODOA, SODOA 

06250 

2366  43 

FCC 

/aiANNEL  / 

06260 
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PFB 
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FCC 
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FDB 

SODOA, $0D0A 
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FCC 
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FDB 
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06430  *  EM)  PDFPRT 
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*  END  PDFPRT 

* 

♦FL^'ICTION  :R>:7vSC 

♦INPUIS  (REG)  :A,X,nrrA  FOR  CC»A/,L/X:  OF  ASC  S^POR 
♦OU'l’PU^rS  ( PsEG)  ;  NOT 
♦CALLS  :!:ot['.if:g 
♦DESTROYS  :A,CC 

♦RJRIGSE  :TO  CaT/ET.T  1  H’lTE  OF  liEX  DA‘VA 
♦  INTO  2  D’YTES  OF  /^SCII 


tlXBUF 


SAVE  DTA  ON  ,<T’K 
SHIFT  TOP  4  PITS 


TC  I '  V 
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*OUTPll'PS  (REG)  -X'-aiE 

*GUI-i5  rOGlTUT 

*DESTROYF ( REC) : A , P , X , CC 

*RIRPOSE  :'iD  RUNT  /■UFLI'P'DP  niSTRirUTiaj 

*  DATA  CQ'-PILll^  DURING  DATA  a'/LLE'-CriOU . 
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*  VE}<S10M  :  1 . 5 

*  VERSION  DATE  :4  NOV  80 

* 

****** ***************:fc************ ****** ************ 
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* 

* 
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PROGRAM  DESCRIPT IC?'] 


THIS  PROGR]'!!  DISPLAYS  Ti'E  STATISTICAL  DATA 

*  CALailATPD  DJRIEG  IVE  COLUCTION  OF  r:  EKG 

*  RECORDirJG.  “lEE  USER  PAS  SEI/i'RAD  LODI'S  OF  DATA 

*  OUTPUT  AND  IVEY  ARE  LISTED  I*]  'iUE  CnUAT)  S'iRElG 

*  BELOl.  'nils  PROGFAIl  ALSO  PRCOUCFS  FRCPARTLIA' 

*  DENSITY  IDECTiOM  (PDF)  PLOTS  Cl'  TEE  DATA  COLL'XAED 

*  ON  CHAJ'PT.L  X,Y,OR  Z  \n.h  D/A  CAA ERTLIXS .  TS"  EATA 

*  (PDF)  IS  DISPIAA'L'D  ON  7:;D  OSCILLISCOPF. 

*  IN  /DDITICN,  'HIE  CCNNALD  STRCG  ALLa.'S  RTCONSTTUCT 

*  AND  DISPLAY  OF  PP.IVIOUSLY  CCF.r.'  A’ED  DATA  ON  TIE 

*  OSCIILISCOPE.  Ti=E  RECONSlRilGlCN  RCUTEIES  ARE 

*  OVERT AYED  O'/ER  T.IE  r-RINI'  STATISTICS  (PR.STAT) 

*  ROUTINES. 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

★ 

* 

*******************x********^**********:^******  ****** 
**************************************************** 
* 

*  START  OF  DISPI. 

* 

A*************************************** ****** ****** 

★ 


COMI'IAI'®  OPTIONS 

0=  REUiraT  TO  FNG-O'EC 
1=  PRINT  CURRJLT  I ANOPY'  FILE  STATISTICS 
2=  PRU’T  PDF  ANPLITl,T)E  T/LLES 
3=  DISPIAY  XPDF  ON  THE  OSCILLISCOPE 
4=  DISPLAY  YPDF  ON  TEE  OSCILLISCOP'F 
5=  DISPLAY  ZPDF  ON  TEE  OSCILLISCOPE 
6=  RnmiSTPUCT  &  DISPIAY  CH  X  ON 
THE  OSCILLISCOPE 
7=  RECONSTRUCT  &  DISPIAY  CH  Y  ON 
THE  OSCILLISCOPE 
8=  RECaiSTRUCT  &  DISPLAY  CH  Z  ON 
THE  OSCILLISaiPE 
9=  LOAD  MEMORY  FILE  FRai  DISK 


00510  0100 
00520 

* 

ORG 

$0100 

PROGRAM  ORIGIN 

00530 

OPT 

0 

ASSB  OFT.  LIST  AFTIPLY 

00540 

OPT 

NOG 

ASSB  OFI'.  SUPPRISS  FCC  LIST 

00550 

00560 


**************************************************** 
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ccy;o 

* 

oo',>ro 

*  LAnn.  DECSPJ 
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00610 

■y.  V  ,  .  .  •  ^  V 

"k 

00620 

CA8F 

OUTOCR  EOLI 

SCA8P 

EPRCiiyis.  st''];;g  '..’tti 

00630 

CA36 

KEYPDO  IXV. 

$CA36 

E14?a:iOS.  R'l-UT  AI.PF 

00640 

IDOO 

Sl'ART  IX)U 

SIDOO 

EXC-IPPC.  STAG'  AP;"''FS 

00650 

CCAO 

t'MllAA  EQll 

SCCAO 

Emaixis.  OF']'  FILE  ::a2:  fpcq 

00660 

C803 

RLIB  EOU 

SC  80  3 

EFRa-IXOS.  SET  UP  RFPiD  I/O 

00670 

2800 

DOS  EQU 

$2800 

DOS.  PIST/RT 

006  80 

C43C 

READO  EQU 

$C43C 

EPRQTXIS.  RE^\D  DISK  P.nf,;Tr.‘.T 

00690 

E055 

BYTE  EQU 

$E055 

MIKBUG.  R’PUT  2  HEX  DIG  ’'RE  I 

00700 

C7C8 

DRIVE  EOU 

$C7C8 

EPRaDOSIO.  RE2J7  DTE-'  Ea’TTE’' 

00710 

0500 

PRSTAT  EQU 

S0500 

PRINT  CnLLEC  SI’A'i'  Rail'EiE 

00720 

* 

00730 

*  DATA  BUFFERS 

00740 

* 

00741 

0020 

C)l!ir.BF  EQU 

80020 

CPTIYTT.  DESirYTOR  FOR.  DECnES 

00750 

3400 

IDRSITI  EQU 

83400 

IKl  FILE  HDR  ADDR 

00760 

3500 

XPDF  DQU 

$3500 

LOG  OF  CP  X  PDF  BUFFi:?. 

00770 

3700 

YPDF  EQU 

$3700 

LOG  O’’  CH  Y  PDF  BUFFER 

00780 

3900 

ZITiF  EQU 

83900 

LOG  OF  Cn  Z  PDF  BUFI'CR 

00790 

FFF8 

IRCIVEC  r\MU 

$FFF8 

LCC  OF  INT  WCICR  /ODRFSS 

00800 

1C9D 

vr:csAv  equ 

$1C9D 

TFTIP  IRQVTIC  S.AVE  LCC 

00810 

3002 

tJIDBUF  EQU 

$3002 

PUF  LITII  ADDR  01-'  T.AST  C’AR  IF: 

00820 

1C96 

STi^SAV  EQU 

$1296 

Trap  STACK  STOR.5GE  irOF'FMR 

00  830 

0019 

SA\/EX  EQU 

$0019 

TEMP  rCDI'X  RDG  ITCIT'CE  PUFFER 

00840 

OOOA 

EIETF-!  DQU 

SOOOA 

FFJD  :!ra  ADDR  FOR  DICK  I/C 

00850 

OOIB 

PROGX  FOU 

$001B 

aUR  VFC  ADDR 

00860 

1C9F 

OL/vYCO  DQ-U 

$1C9P 

OVIGAY  F.ODC  IT.OG 

00870 

3057 

TYPE  EQU 

$30  ST 

FILE  T/PE  BUiT'ER 

00880 

1CA9 

PDFPLC  I'X}U 

$1CA9 

PDFPRT  ADDR  PASS  BURFFR 

00890 

lOUl 

OVRLLC  FQU 

$1GV3 

CTAPDAY  A.DDR  PASS  RU’E-ii; 

00900 

ICAD 

OVPBUF  EQU 

$1Q'I) 

OVI’LAY  PAPYADTER  iim'ER 

00910 

* 

00920 

*  EIARDWARE  ADDRESSES 

00930 

★ 

00940 

E500 

DACZRO  EQU 

$E5C0 

D/A  arPAERTER  ZERO 

00950 

E400 

AJXZRO  EQU 

$E400 

A/D  CONVL'STFPv  ZITxO 

00960 

* 

00  970 

* 

00980 

*FUNCriON 

:DISPL 

00990 

*INPiriS  (PTX3) 

:RQME 

01000 

*arrpuTs(RDG) 

:r:a:y^ 

01010 

*CALLS 

:a!'TT;CR,K 

EYPDD 

01020 

*DESTRQYS 

:A,B,CC,X 

01030 

*PUR1X)SE 

:DISPL  IS 

INF  aXlMVn  EXEC  !  ,  "-•T'f’n 

01040 

★ 

cair-AYD 

INRIT  FRCV!  T’l  'i'EE:,.  E,  .  .  ,D  T 

01050 

★ 

DIRECl'IRG  iai;a;T10;J  OF  i".;!  F  UV  0 

03  060 

* 

IONS. 

01070 

* 

010  80 

* 

01090  0100 

CE  0100 

DISPL  I,DX 

#DISPI, 
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DISi'LA-5 
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S'l'X 

DOS+1 

nnio  01 OG  CE  025B 

LDX 

?DISPMS 
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01140  OlOF  FE  3002 

LDX 

ENDBUF 

SET  UP  IN  DATA  BUF  roil'iTFR 

01150  0112  09 

01160  0113  E6  00 

DEX 
LDA  B 

0,X 

GET  LAST  ai/R  INPUT  FRQl  TFR.M 

01170  0115  Cl  30 

aip  B 

#'0 

WAS  IT  0? 

01180  0117  26  03 

EME 

DISPLl 

NO.  aiEK  IF  1 

01190  0119  7E  IDOO 

JMP 

START 

YES.  pp:t  to  EI'.G-CXEC 

01200  one  Cl  31 

DISPLl  G-IP  B 

S'l 

WAS  ca'UiAiro  i? 

01210  OllE  26  OC 

BME 

DISPL2 

NO.  aiEKC  IF  2 

01220  0120  CE  01E4 

LDX 

#PRSNAM 

GET  "PRSTAT*"  TO  SEI4D  TO  OVPB 

01230  0123  FF  ICAD 

STX 

OVRBUF 

STORE  "PRSTAT"  TO  OVPIY'.Y  RUFF 

U1240  0126  7F  1C9F 

an 

OLAYGO 

RESTE  OLAYGO  FLAG 

01250  0129  7E  04D6 

JMP 

OVRLAY 

01260  012C  Cl  32 

DISPL2  aiP  B 
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WAS  CaiMAND  2? 

01270  01 2E  26  OF 

BNE 

DISPL3 

NO.  aiEK  IF  3 

01280  0130  FD  04DB 

JSR 

PDFPRT 

PRINT  PDF  A''1PIJTUDE  TAELFS 
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LDX 

#DISMS1 

01300  0136  DD  CA8F 

JSR 

cxjn-:cR 

"PRESS  RETURN" 

01310  0139  BD  CA36 

JSR 

KEYBDO 

01320  013C  7E  0100 

JMP 

DISPL 

01330  013F  Cl  33 

DISPL3  CilP  B 

#  '3 

V.7\S  COMJWro  3? 

01340  0141  26  OF 

BNE 

DISPL4 

NO.  aiECK  4 

01350  0143  CE  3500 

LDX 

fXPDF 

GET  ADDRESS  OF  X  PDF  DATA 

01360  0146  BD  0470 

JSR 

MAXSCN 

SCAiN  PDF  8  FIND  SHIFT  NECESSA 

01370 

* 

TO  ALLai  OUTPUT  OF  PDF  VIA  12 

01380  0149  BD  04A0 

JSR 

FDPTRN 

TRANSFER  X  PDF  10  I.'ORH  BUFFER 

01390  01 4C  BD  04BA 

JSR 

SCALE 

SCALE  WORK  BUFFER  BY  SHIFT  FR 

01400  014F  7E  01F4 

JMP 

PDFOUT 

NQ'J  DISPLAY  X  PDF  TO  OSCOPE. 

01410  0152  Cl  34 

DISPL4  G'lP  B 

#'4 

WAS  COMMA®  4? 

01420  0154  26  OF 

BI<fE 

DISPL5 

NO.  CHECP  5 

01430  0156  CE  3700 

LDX 

#YPDF 

GET  ADDRESS  OF  Y  PDF  DATA 

01440  0159  ED  0470 

JSR 

MAXSai 

01450  015C  BD  04A0 

JSR 

PDFTRN 

01460  01 5F  BD  04BA 

JSR 

SCALE 

01470  0162  7E  01F4 

JMP 

PDFOUT 

01480  0165  Cl  35 

DISPL5  GIP  B 
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WAS  CCT'MAND  5? 

01490  0167  26  OF 

BME 

DISPL6 
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LDX 

#ZPDF 
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JSR 

MAXSCN 

01520  016F  BD  04A0 

JSR 
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01610  01 8P.  Cl  37  DIGPL7  aiP  B 
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,  .  .  ,  ,  .  ..  ,  :  ;  ■  ,  .  -  -- 

1.  . 

02190  0228  27  02  PH)0  roFai4  YES.  EXIT  DI.SI'IAV  lAO:’ 
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1  INTO  DONE  TEST  FLAG 

02350 

0249 

0001 

SHIXTNT  K’D 

1  BLIP  V.’ITO  IE?1  OF  SEE  It?.  12  B 

023  6  0 

024A 

0001 

l  AXCTT  iL’iB 
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02630 

03A4 

4F 

FCC 

/asm  EisoDPiy 

02640 

03R0 

ODOA 

I’DI? 

SODOAfSODOA 

02650 

03F4 

20 

ICC 

/  Y^RIXX’NS'lpllC?  f.  DISPIA'-  :':i  V  T’ 

02660 

03D9 

4F 

FCC 

/asCTLElsaiRiV 

02670 

03r;5 

ODOA 

FDR 

$0DnA,$nD0A 

026  80 

03F9 

20 

FCC 

/  P-REC'ON.Til'iUT  f>  DIMi,-’'':'  G'  ? 

147 


;:::r  CG 

04CE 

47 

FCC 

/OSCl] 

LJ  5T^P!  ‘  ^ 

02700 

041 A 

ODOA 

FDB 

$0D0A, 

$0D0A 

O'*’' 

», '  •  . 

:o 

:'cc 

/ 

02730 

0443 

I'i  : 'i 

45 

FCC 

/ENTER 

caTTvND  Na-;=/ 
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02970 

047A 

7C  024A  MAXSCl  H.’C 

NAXCIT 

256  BYTES  SCANNED  YET? 

02980 

047D 

27  IE 

BEQ 

MAlXSC4 

YES.  EXIT  WITO  COrjTLT  SHIFT 
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CLR  B 

NO.  SET  UP  COUIETFR 

03050 

0488 

OC 

CLC 

INSIDE  CAPJ3Y  CLEAR 
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P.l  0249 

CIP  A 

SHPQIT 

IS  SHUT’  r,E  a;PMN  ''  s:  ii";-  cai 

03140 

0496 

2F  E2 

Bl.E 

r-'Axsci 

YES.  JtEORj-;  TTS  CYT"' 

03150 

0498 

R7  0249 

STA  A 

S15FCNT 
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:A,CC 
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00660 

34A7 

UINXI.0  IQU 

S34A7 

IDCA.TIOK  OF  MCI  \TA1  IK  CM  X 

006  7  0 

34A9 

ue:-!bit  BQU 

$34A9 

IDM  OF  F'lTS  /'AY'.ILABLF  FOR  SIQ 

006  80 

3  4  AC 

OTABIT  EQU 

$3  4  AC 

NITl  OF  BITS  USLD  TO-  S’A'R  IXA 

00690 

34B0 

XBIIS  EQU 

$3  4  BO 

KUM  OF  BITS  US’D  TO  STGR  X  P/j’ 

00700 

34B3 

YBITS  EQU 

$34B3 

MB)  OF  BITS  CR’D  TO  STOR  Y  D" 

00710 

34B6 

ZBITS  EClU 

S34D6 

KUM  OF  DCiS  USID  TO  SIOR  Z  FT 

00720 

34B9 

TBITS  EQU 

$34B9 

FATl  OF  BT'fS  USID  30  STOR  TIFF 

00730 

34BC 

ACELCT  mil 

$34BC 

#  BITS  FID  TO  VTD  LIT:  CODFP 

00740 

34C2 

RASSAV  EQU 

S34C2 

SA\T,  MDM  I/X  $3620  I'I'Cg,  rasIC 

00750 

34C3 

HITllPY  I  QU 

S34C3 

START  OF  nA’RCTY  PUi'iT  R 

00760 

3460 

MAXMni  liQU 

$3460 

STOWi’  OI-  MAX,: '.IK  ASCII  DATA 

0077  0 

* 

007  80 

* 

00790 

*FUUCTION  rPRSTAT 

0  0  800 

*INR!TS  (REX3) 

:KCr.E 

00810 

*0UTPUT3  (PJiG) 

00820 

*CAJXS  : arFFUl’,  ( 'X/.SC 

ooa3o 

*DES'lT:OYS(PJr,)  :A,FvCC, 

X 

00840 

*PUKPOSE  :  TO 

LIST  ST;\IUS  II^FORI-IATIOU  FRai  DATA 

00850 

*  COLLEaTCM 

FILE  TO  T 

'FITICIAL. 

00  KO 

* 

00870 

* 

00880  0500 

86  0  8 

PRSTAT  LDA  A 

II8 

QD  MSG  FIELDS  I.''!  ST’AT  aCTUT 

00890  0502 

CE  0A66 

LDX 

#NAME 

00900  0505 

I-'D  0930 

JSR 

00910  0508 

84;  35 

LDA  A 

#53 

00920  050A  CE  GABC 

LDX 

#SUBJ 

00930  050D 

BD  0930 

JSR 

MSGCLR 

00940  0510 

86  OA 

IJ2A  A 

#10 

00950  0512 

CE  OADF 

LDX 

#RATE 

00960  0515 

PD  0930 

JSR 

MSGCLR 

00970  0518 

86  14 

LDA  A 

#20 

00980  051A  CE  0P07 

LDX 

#DATE 

00990  051D 

BD  0930 

JSR 

MSGCLR 

01000  0520 

86  0  8 

LDA  A 

#8 

01010  0522 

CE  0B39 

IDX 

#TIME 

01020  0525 

BD  0930 

JSR 

MSGQD 

01030  0528 

86  19 

IDA  A 

#25 

01040  052A 

CE  0B5F 

IDX 

#TYPE 

01050  052D 

BD  0930 

JSR 

MSGCLR 

01060  0530 

86  3  5 

IDA  A 

#53 

01070  0532 

CE  0F29 

IDX 

#COMII'lT 

01080  0535 

BD  0930 

JSR 

MSGajI 

01090  053  8 

86  08 

IDA  A 

#8 

01100  053 A  Cl-:  OP.% 

IDX 

#XEMT 
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0]TU'  !'83D  BP  0930 

JFR 

^  .  -  -  •  '  f V-,  nr 

I !  '■'■  A 

01140  0340  FP  0930 

JAR 

01180  0848  80  08 

LDA  A 

OllGO  Ci34A  CK  Oi-PA 

IjDX 

01170  0840  F.D  0930 

JFR 

01180  0580  S5  08 

LDA  A 

01190  0583  CK  0C2C 

ir^x 

01200  0588  BD  0930 

JFR 

01210  0558  86  08 

LDA  A 

01220  055A  CE  OCCE 

IDX 

01230  05''D  Fi)  0930 

JSR 

0  1  240  0  56  0  86  0  8 

IJOA  A 

01250  056 2  Cr  ODll 

IDX 

01260  0"><'8  ED  0930 

JSR 

01270  0'6B  83  05 

IJA\  A 

01  280  054 A  CE  0"  .7 

IDX 

01290  0861.)  FP  ("'CO 

JSR 

01300  0870  86  08 

U)A  A 

01310  0872  CE  0D'''9 

LDX 

01320  087  8  PD  09.3  0 

JSR 

01330  087 C  [A  08 

LDA  A 

01340  087A  CE  CPCP 

IDX 

01350  087D  PD  0930 

JSR 

01360  0880  83  08 

LDA  A 

01370  0.3!.2  CE  01 2F 

LDX 

0  1  3  80  0  5  85  PD  0930 

JSR 

01390  0588  86  08 

IDA  A 

01400  OOfA  CE  onrn 

LDX 

01410  05(D  F.D  093  0 

JSR 

01420  0590  ^6  Oa 

IJ)A  A 

01430  0892  CK  01,93 

IDX 

01440  0599  PD  0930 

JSR 

01450  0598  86  08 

IDA  A 

01460  059A  CE  OlT-l 

IDX 

01470  059n  PP  0930 

jr>R 

01480  05A0  86  08 

IJA\  A 

01490  057r  H’  01,93 

IDX 

01800  C5A5  1313  0930 

JSR 

01510  05AP  86  08 

!DA  A 

01520  05/ A  CF  0I  C5 

LDX 

01530  09 AD  ED  0910 

JS-R 

01540  0580  86  OF 

I  DA  A 

01550  08rc  c:  or;'7 

ID'/. 

01560  05135  i'D  09  ,0 

JSi-. 

01570  n8'38,  rP  3.*92 

IDX 

01880  08P’3  FF  OP'D 

01590  OM  F  CE  0.'.66 

IDX 

01600  OF''.-]  !  D  09  IF 

JFR 

01610  n9C4  CE  OAFC 

LID'. 

01620  0837  FP  O'-'C 

,1FR 

01630  n"A  Cl-  0,'-3’ 

I  ,I  A 

01640  fC-CP  -E 

J.IH 

t-'.SGa,M 


-I  i’ 

i;Z!T:T 

r-!SGa:!’ 

*  8 

}-tv-y^Pi< 

tiBGcy^ 

IT  h 

rr:-r/.ni 


!  "RGCi  ■'< 
i-5 

rp 

nsGcrj; 

i'  ^ 

rcci 

r-'£GCi 

;i8 

mw'y: 

rix^ci.:; 

^8 

i'Af-AXX 

F£GCI.l-t 

?P 

i'A'.Tt’Y 

FiiGa,R 

r^FGCl  ,R 

tTAr.iiri’ 

;’cccr,n 

j; 

tAVO'.'/' 

v.c'.f’r!  ,x 

'■  o 

"  ^ 

iAFlilZ 

.•■AGC!,!: 

i; 'pi  Iff; 'j,;^  2  '.Av  ! "T  ITi'A  !.•  5  ‘li  111 


*■(  '”V  1 

♦  t  ‘L  .  1 

» «( '( 'y\  V’’ 

"I.',','!';- 

;A:;(x:"r 
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.  PDO 

g; 

oro7 

ILIX 

illLATF 

01660 

f:5D3 

BD 

093C 

JSR 

MSGPFT 

c: 

O'  6 

TDX 

,.mT  »  M-* 

01690 

05DC 

CE 

0F29 

LDX 

:iCOLiL\T 

01700 

C5DF 

BD 

093C 

JSR 

nscaiT 

01710 

05F,2 

PE 

34C3 

LDX 

irmiPY 

GET  lYX'  OP  r::'iT',o?v  buffer 

01720 

051:5 

SC 

2020 

CFK 

ii$2020 

aiK  if  ITlT-'Opy  G'GC  LODE? 

01730 

05E8 

27 

03 

BFQ 

PRSTOO 

DO.  ^RC  ::ur  c/dc  r'UG 

01740 

05ILA 

7E 

06A4 

JMP 

PRSTAO 

YES.  GET  ASCII  SIRILG  FP.a!  HD 

01750  05LT)  CE  05FD  PRSTOO  IPX  i^F:y'lL'L.n 
01760  05FO  FF  095D  STX  FK'PLtX: 

01770  05F3  CF  0!^95  LDX  jfXC.'T 

017  80  0  5F6  BD  093C  JSR  flSGPJT 

01790  05F9  CE  09FD  LDX  #LL-'K’LR 

0  1  80  0  0  5rc  FF  095D  STO  FITI’J.OC 

01810  05FF  CE  OFCS  LDX 

01820  0602  PD  093C  JSR  f-SGl-JT 

01  83  0  06  0  5  CE  09FD  IJ'X  i^DF.lCI.R 

01840  0608  FF  095D  STX  FRMI/C 

01850  06 OB  CE  C"FA  LDX  42L::t 

01  86  0  060E  BD  093C  JSR  f’SGDJT 

01870  0611  CF  C9FD  LDX  ifCFiCLR 

01  880  06  1  4  FF  095D  STX  FR;'r,.OC 


01890 

0617  CE 

0C2C 

IDX 

01900 

06 lA  RD 

093C 

JSR 

f'SGPUT 

01910 

06 ID  CE 

09FD 

LDX 

BEJinD 

01920 

0520  FF 

095D 

st:-: 

FRiULCX; 

01930 

0523  CE 

OCCF 

LDX 

#’■y'^>x:LP 

01940 

0626  BD 

093C 

JSR 

MSGPUT 

01950 

0529  CE 

09FD 

LDX 

#LN'iXXR 

01960 

06 2C  FF 

095D 

STX 

FRLIDG 

01970 

06  2F  CF. 

ODll 

LDX 

fSCPIlAQl 

01980 

0632  BD 

093C 

JSR 

MSGFUT 

01990 

0635  CE 

OSFD 

LDX 

frEMTCLR 

02000 

0538  FF 

095D 

STX 

FRI’J/X: 

02010 

063B  CE 

0057 

LDX 

SCPRe-F 

02020 

06 3E  BD 

093C 

JSR 

FSOr-lIT 

02030 

0641  CE 

09FD 

LDX 

llpyiCLR 

02040 

0644  FF 

095U 

SIX 

FRLLOC 

02050 

0647  CE 

0D99 

LDX 

IITI’DFP 

02060 

06  4A  P.D 

093C 

JSR 

r^scpi^T 

02070 

06 4 D  CF 

OQi-Di 

IDX 

4PK7rr,R 

02080 

0650  FF 

095D 

S'FX 

F}:L.T,nC. 

02090 

0653  CE 

CDCB 

LDX 

ifCor.P’-'n 

02100 

0656  BD 

n93C 

JSR 

P.‘^GR)T 

02110 

06  5  Cl  CE 

09FD 

IDX 

iilD'iVlLR 

02120 

06 5C  FF 

C95D 

STX 

FFDLGC 

02130 

06 5F  CE 

onm 

IDX 

W-'AXX 

02140 

0662  FD 

nose 

JSR 

"SGH'T 

02150 

0665  CF. 

09FD 

LDX 

^I-M']X;T-.R 

02160 

066  8  FF 

poepi 

STX 

frmiyg 

02170 

066!^  CF 

Ol'BF 

LDX 

“ALTEX 

02180 

06  6  F  P.D 

093C 

JSR 

rSGTllT 
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C2]  ^'U 

0G71 

C.5 

l,9;'D 

irx 

067.'. 

OF 

nOER 

7T''. 

FR‘’IiX; 

L' 

(,.() 

i-D 

'E;,'C 

02230 

0G7D 

CF 

09FD 

II)X 

-8Er:ra.R 

02240 

OCAXl 

FF 

095D 

STX 

FR'II.G*:’ 

02250 

06  83 

CE 

OFf'3 

LDX 

rAT'':!;''/ 

02260 

06  P6 

PD 

093C 

JSR 

MSGPuT 

02270 

06  89 

CF. 

091  D 

LDX 

UENTGLR 

02280 

06  8C 

FF 

095D 

STX 

FRT’DOC 

02290 

06  n- 

CF 

DEC  5 

LDX 

l^AI-'AXZ 

02300 

06  92 

BD 

093C 

JSR 

FSGPUT 

02310 

06  95 

CE 

09FD 

LDX 

#EXTCLR 

02320 

06  98 

FF 

095D 

STX 

FRI'lLOC 

02330 

069b 

CE 

OEi-7 

LDX 

#AMLUZ 

02340 

06  9E 

BD 

093C 

JSR 

FSGPUT 

02350 

067a 

7E 

07  OA 

JMP 

PRST.Al 

02360  06  A4  CE  34C3  PRSTAO  L^X  #E;TRPY  GET  ADDRESS  OF  C'.'TRPY  BUFFER 


02370  067a  FF  095D 

STX 

Fr<rii-OC 

023  80  06AA  CE  0B96 

LDX 

#XEHT 

NQl 

PRINT  APPROPP.IATE  DAT  TO 

023  SO  067D  ED  093C 

JSR 

MSGPUT 

02400  OGIiO  CE  0RC8 

LDX 

iiYEXT 

02410  0GB3  BD  093C 

JSR 

MSGPJT 

02420  06F6  CC  OFFA 

LDX 

szniT 

02430  06B9  FD  093C 

JSR 

MSGR’T 

02440  OGPG  CE  0C2C 

IJ7X 

#TEMT 

02450  OGFF  FD  093C 

JSR 

.^'SGRIT 

02460  06C2  CE  CCCE 

LDX 

f.'.'AXCPR 

02470  06C5  FD  093C 

JSR 

FSGPUT 

02480  06C8  CE  ODll 

IDX 

#CP.R7iai 

02490  06CB  BD  093C 

JSR 

t-ISGRJT 

02500  06CE  CE  0D57 

IDX 

ifCPRFFF 

02510  06D1  BD  093C 

JSR 

FSGRT 

02520  06D4  CE  0D99 

LDX 

tTir-EFF 

02530  06D7  ED  093C 

JSR 

FSGPUT 

02540  06DA  CE  ODCB 

IDX 

#COLDUR 

02550  OGED  BD  093C 

JSR 

MSGPUT 

02560  06E0  CE  3460 

LDX 

Nav 

GET  ADDR  l.llERE  ASCII  MAX, 

02570  06 E3  FF  095D 

STX 

FR'ILOC 

02 5 BO  06 F6  CE  ODFD 

IDX 

^/VAXX 

02590  06r,9  PD  093C 

JSR 

MSCPUT 

02600  06 EC  CE  0F2F 

IDX 

STIMPIX 

02610  06 FF  DD  093C 

JSR 

MSCPUT 

02620  06 F 2  CE  0E61 

IDX 

4/V"AA' 

02630  06F5  BD  09JC 

JSR 

MSGR’T 

02640  06F8  CE  0E93 

LDX 

SAimr/ 

02650  06FB  FD  093C 

JSR 

MSGRiT 

02660  06 EE  CE  0rC5 

rj5x 

WAXZ 

02670  0701  FD  a93C 

JSR 

r-uSCRJT 

026  80  0704  CE  0KF7 

FDX 

#AMINZ 

02690  0707  ED  0937 

JSR 

f'SCRlT 

02700  070A  FE  3400  Pi’.ST/M 

IDX 

HDRS'j’R 

xa.' 

DECrDE  npxn;;;  TR  •:  f,  }'VT 

02710  07  OD  BC:  4r43 

CPX 

n$4E43 

(DC) 

KOCPP.:-:? 

02720  0710  26  08 

RIE 

niSTA2 

KO 
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. . 

cr: 

091^ 

IPX 

■-".occro 

YES, 

021  ^]0 

0717  FF 

095D 

STX 

FIPIPC 

pn 

^r>7\ 

T’P 

0277U 

U/ID  26 

0  8 

14  ill 

PRS'i7o 

■■u. 

027  PO 

07 IF  CF 

09C2 

IPX 

STOIA 

YES. 

POINT  70  'iOL/'M-A  MSG 

027  PO 

0722  FF 

C95D 

STX 

FPPIPC 

02800 

07  25  20 

35 

PJ3A 

PRSTA7 

02810 

0727  8C 

5442  PRFri7'o 

CPX 

ii$5442 

(TB) 

'JOIAM'-B? 

C2820 

07  2A  26 

08 

EXE 

PPxSTA4 

MO 

02830 

07 2C  CC 

0903 

IPX 

UTOLB 

YES. 

POINT  TO  IOjP:;-!!  MSG 

02840 

07  2F  FF 

095D 

STX 

FRIILOC 

02850 

0732  20 

28 

BRA 

PRSTA7 

0  2  860 

0734  ac 

444F  PRSTAA 

CPX 

#.S444F 

(DO) 

DaiER? 

0  2  870 

0737  26 

06 

Bf-IE 

FRSTA5 

XO 

02880 

0739  CE 

09D2 

IPX 

SDa-vP 

YES. 

POIFET  TO  DOvER  I'SG 

02890 

07 3C  FF 

G95D 

STX 

FPPPOC 

02900 

073F  20 

IB 

PEA 

PRSTA7 

02910 

07  41  8C 

5450  PRSTA5 

CPX 

'4S5450 

(TP) 

TORI'Ds'G  POPIT? 

02920 

07  44  26 

08 

EXE 

FRSTA6 

NO. 

02930 

07  46  CE 

09D8 

IPX 

liTURMPT 

YES. 

POINT  TO  TORNPIG  POINT  F 

02940 

0749  FF 

095D 

STX 

FK'POC 

02950 

07 4C  20 

OE 

BRA 

PRSTA7 

02960 

07 4E  8C 

494E  FP.STA6 

CPX 

i;$494E 

(TN) 

2:p  OPPER  PITERPOLATOR? 

0  2  970 

07  51  27 

03 

EDD 

PRSTCl 

YES. 

lYPE  IS  FvirOGNISrD.  CC'P 

02980 

07  53  7E 

095F 

JMP 

FPPOR 

MO.  Pi’PE  NOT  RECCOMIFLIP  FPP 

02990 

0756  CE 

09E6  PROrei 

U9X 

^  ii’TrrR 

03000 

0759  FF 

095D 

STX 

FR'ILOC 

03010 

07  5C  CE 

0B5F  PRSTA7 

IPX 

FlYPE 

PJT  CQXnjS  lA'PE  LM  MSG 

03020 

07  5P 

BD 

093C 

JSR 

MSGRIT 

03030 

0762 

CE 

0M2 

IPX 

tUDRI'EG  NPv  PT  TO  ST74P'1SG  PAGE  1 

03040 

0765 

IP 

CA8F 

JSR 

OUINCR  AND  PRINT  PACE  1 

03050 

0768 

PP 

CA26 

JSR 

'lEYBDO 

03050 

07 6D  CF 

0C5B 

IPX 

IrPPNS?.  NO.-:  ?T  TO  STATOSG  PAGE  2 

03070 

07  6  E 

BD 

CArB 

JSR 

WPICR  PND  PRINT  P/YGE  2 

03080 

0771 

PD 

GA36 

JSR 

KE'YPDO 

03090 

0774 

CE 

0FC4 

IPX 

#NUNSNP+2  PICK  NUN  OF  S’-IHS, 

03100 

0777 

r6 

3495 

IDA  A 

SA-PYO+l  CC!:7.YT  To  ASCII,  &  STORE 

03110 

07  7 A 

PD 

0955 

JSR 

IIXASC  SO  aiTPUT  SSPING. 

03120 

07  7D 

CF 

OFF  2 

IPX 

SlUIlSMP 

03130 

07  80 

B6 

34  94 

EDA  A 

SANHIO 

03140 

07  83 

ED 

0955 

JSR 

ISASC 

03150 

07  (6 

CE 

1019 

IPX 

UNUNLPS  PICK  UP  \T,U  OF'  CAE  TIST 

03160 

07  89 

B6 

3496 

IPA  A 

LPGYL  &  STORE  SO  OUSRJT  STRP.'G 

03170 

07  8C 

I'D 

0955 

JSR 

lIXAPC 

03180 

07  8F 

CE 

1050 

IPX 

#TCTrJIP+6  PICK  UP  SYPT,  LOC'P  000X0 

03190 

0792 

C6 

3493 

IPA  A 

I/X)PCT'-f3  ,aSTOT;T  SO  ASCII  4  SS'CR'E 

03200 

0795 

P'D 

0955 

JSR 

IIXASC  SO  OUTPUT  SPRING 

03210 

0798 

CE 

1C5E 

IPX 

#TOSPUP'^4 

03220 

07  9B 

P6 

3492 

IPA  A 

IX)0?Cr+2 

03230 

07  9E 

BD 

0955 

JSR 

ILXA.SC 

03240 

07A1 

CF 

105C 

IPX 

F:TOTr.UP+2 

03250 

07A4 

r6 

3491 

IPA  A 

Loopcr-u 

03260 

07A7 

IP 

0955 

JSR 

IIXASC 
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03270  07AA  CK  ,10  3A  LDX  liTOILlIP 

P7  P.'oo  inA  A  LOOPCT 

'■■  ■■.  .  ■  !7v.-C 

03.U.U  u/ij  ci;  iu03  ii:x  rici;  xp  :7P,  \i,i‘  a  c-  x 

03310  071X5  P6  34A3  IHA  A  I'AXX  COIJ  TO  A.SCII  t,  STX  IK 

03320  C7P.9  PD  0')55  JSR  FKASC  TO  OUTPUT  STP.IKG 

03330  0700  CE  ICEl  LDX  lDO’AXLO+2 

033^-0  07  IT  P.6  34A.5  LDA  A  MAXXLO+1 

03350  07C2  PD  0953  JSR  HXASC 

03360  07C5  CE  ]  CDF  LDX  ^XIAXLO 

03370  07CR  rx5  3-;A4  LDA  A  RAXKI^O 

033 IX)  07CP  PD  0953  JSR  RXASC 

03390  07CE  CE  1CF2  LDX  tXtllNl'I-l  PICK  UP  MIN  VIT  ON  CH  X 

03400  07D1  lo  34, ’'.6  LDA  A  MINX  CONV  TO  A£CII  &  STORE  IN 


03410 

07  n4 

IT 

‘  0955 

JSR 

03420 

07  D7 

CE 

IICE 

LDX 

03430 

07  DA 

P6 

34A8 

IDA  A 

03440 

07  I'D 

IT 

0955 

JSR 

03450 

071.0 

CE 

HOC 

LEX 

03460 

07  L3 

F6 

3‘L57 

IDA  A 

03470 

07i:6 

BD 

0955 

JSR 

03480 

07  E9 

CE 

HIP 

LDX 

03490 

07  EC 

B6 

349D 

LDA  A 

03500 

07  FF 

RD 

0955 

JSR 

03510 

07  E  2 

CF 

H3B 

L.DX 

03520 

07  F  5 

P6 

349E 

LDA  A 

03530 

07F8 

PD 

0955 

JSR 

03540 

07  FP 

CF 

1135 

LDX 

03550 

07  FF 

B6 

34  92 

LDA  A 

03560 

0801 

BD 

0955 

JSR 

03570 

0804 

CE 

11 4C 

LDX 

03580 

0807 

P6 

34A0 

IDA  A 

03590 

080A  BD 

0955 

JSR 

03600 

080D  CF 

1168 

LDX 

03610 

0810 

P.6 

34A2 

LDA  A 

03620 

0813 

ED 

0955 

JSR 

03630 

0816 

CE 

1166 

LDX 

03640 

0819 

PX5 

34,H 

IDA  A 

03650 

081C 

BD 

0955 

JSR 

03660 

081F 

CE 

1179 

LDX 

03670 

0822 

B6 

3497 

LDA  A 

03680 

0825 

FD 

0955 

JSR 

03690 

0828 

c- 

1195 

LDX 

03700 

082P. 

P6 

3499 

IDA  A 

03710 

082E  DD 

0955 

JSR 

03720 

0831 

CE 

1193 

IJIX 

03730 

0834 

B6 

3498 

LDA  A 

03740 

0837 

BD 

0955 

JSR 

03750 

0R3A  CF 

HA6 

IDX 

03760 

083D 

P6 

349A 

LDA  A 

03770 

0840 

DD 

0^'55 

JSR 

03780 

0843 

CE 

11C2 

LDX 

03790 

0846 

P6 

349C 

IDA  A 

03  000 

0849 

PD 

0955 

JSR 

HXA.SC  OUTPUT  STRB;G 

?,XMINr,0-t2 

MClXLO+1 

HXA5C 

ifXMrj.O 

MILDa.O 

KXASC 

I^YMAIJIM  PICK  UP  I'AX  VLU  Ql  CH  Y 

MAO-OC  CO'-A  TO  ASCII  &  STCPD  IN 

HXASC  OJTPUT  STREIG 

#YMAXLO+2 

MAXYLO+l 

HXASC 

SYI’AXLO 

MAXYI.,0 

HXASC 

#3T1EL1M  Piai  UP  ME']  \TU  Q-]  CH  Y 
MEIY  C0;A'  TO  ASCII  &  STOTE  El 

HXASC  OUTPUT  STREIG 

#yme;lo+2 

ME'lXEO+1 

HXASC 

lYMETO 

MINYLO 

HXASC 

ttZi'AXNH  PICK  UP  I’AX  VLU  CN  CH  Z 
MAXZ  C0:A'  to  ASCII  &  STORE  E] 

HXASC  aiTTUT  STITOG 

#zmav;lo+2 

MAXZIXH-1 

IDASC 

?fZI''AX].0 

IAXZIjO 

HX.ASC 

flZMElNM  PICK  UP  MIN  VIU  ON  CH  Z 

me:z  go:a^  to  atoti  $  sttore  in 

HXASC  ail-UT  STUNG 

^ZMINI,CH-2 

MmZIXU-l 

HXASC 


Pi<£*:'Al'-9 


C3B10 

084C 

:  CE 

IICO 

FdDX 

03  820 

084F 

f' 

R6 

349R 

1  '  ') 

IDA  A 

l  C  •■u 

L  C  A 

L.:- 

1  aO;- 

i  ll.  .'V 

03850 

0858 

B^ 

34AB 

EDA  A 

03860 

085B 

BD 

0955 

JSR 

03  870 

085E 

CE 

120C 

LDX 

03880 

0861 

B6 

34AA 

EDA  A 

03890 

0864 

BD 

0955 

JSR 

03900 

0867 

CE 

120A 

EDX 

03910 

086 A 

D6 

34A9 

EDA  A 

03920 

086D 

BD 

0955 

JSR 

03930 

0870 

CE 

124B 

EDX 

03940 

0873 

E^5 

3^  BE 

EDA  A 

03950 

0876 

BD 

0955 

JSR 

03  960 

0879 

CE 

1249 

EDX 

03  970 

087C 

B6 

3  4  BE 

EDA  A 

03980 

087F 

BD 

0955 

JSR 

03990 

0882 

CE 

1247 

EDX 

04000 

0885 

E6 

34ED 

EDA  A 

04010 

0888  BD 

0955 

JSR 

04020 

088B 

CE 

1245 

EDX 

04030 

088E 

B6 

34BC 

EDA  A 

04040 

0891 

BD 

0955 

JSR 

04050 

0894 

CE 

127F 

EDX 

04060 

0897 

F6 

34A'^ 

EDA  A 

04070 

089A 

BD 

0955 

JSR 

04080 

0B9D  CE 

]  27D 

IDX 

04090 

08A0 

P6 

34.AE 

EDA  A 

04100 

0SA3 

BD 

0955 

JSR 

04110 

00A6 

CE 

127R 

EDX 

04120 

08A9 

r6 

3^7\D 

EDA  A 

04130 

08AC 

BD 

0955 

JSR 

04140 

OS/F 

CE 

1279 

EDX 

04150 

08n2 

P6 

34AC 

EDA  A 

04160 

0BB5 

ED 

0955 

JSR 

04170 

08B8 

CE 

12B7 

EDX 

04180 

OCBB 

B6 

3432 

EDA  A 

04190 

08BE 

B-D 

0955 

JSR 

04200 

06C1 

CE 

1235 

EDX 

04210 

08C4 

E6 

3431 

FJjA  a 

04220 

08C7 

BD 

0955 

JSR 

04230 

08CA 

CE 

12B3 

IDX 

04240 

08CD 

BG 

3  4  BO 

IDA  A 

04250 

08D0 

DD 

0955 

JSR 

04260 

08D3 

CE 

12EF 

EDX 

04270 

08176 

34B5 

EDA  A 

04280 

0a79 

FiD 

0955 

JSR 

04290 

08DC 

CE 

12ED 

FJIX 

04300 

08DF 

ne 

34B4 

EDA  A 

04310 

08F,2 

BD 

0955 

JSR 

04320 

08i;5 

C1-: 

12m 

TDX 

04330 

08E8 

r6 

34[y 

LDA  A 

04340 

0813 

BD 

0955 

JSR 

HINZIiO 


MEniUT+2  AVATIA'^I.L’  FOP.  DATA  571  OR 

IKASC  ,  Off  JV  TO  A5CII  L  STOP 

y;AVAi'.iT+2  ]it;  ou^tut  siP.nyG 

reiBiT+i 

HXASC 

ifAVABIT 

^'£^^RTT 

IDCASC 

#TCPi^IT+6 

ACEr,Cr+3 

HXASC 

#TCPBlT+4 

ACELCTM-2 

HX/\,SC 

#T'CPBlT+2 

ACELCT+l 

HX.ASC 

#TCPD1T 

ACELCT 

HX^'-SC 

#TOT2.IT+6  Pia<  UP  Uni  OF  BITS 

OTABIT+3  ACT\TJ.,L  SIORID 

yyXASC  BEaxUFE  of  D.RTA 

«'0'j3IIT+4  COO.FPESSIOU,  COTF  TO 

OT;iBii'-(2  /'£CJi  &  s'lo.ioE  rw 

HXASC  aiTPUT  STRLIG 

i=‘ioyn3iT+2 

aiTiiiT+i 

HXASC 

STCTBIT 

DT/P.IT 

roiAsc 

SXBl'jOIH^  PICK  UP  NH-I  OF  BITS 

XBITS+2  ACTIU'J.LY  STOPJX!  FOR 

ITXT^SC  DATA  El  CFLA’FTL  X, 

-XBia'''M+2  (T'.W  nXTi  ASCII  L 

XBiTs+1  stoit:  TO  aijTUT  stre:g 

HXY'.SC 

i;XBIT\’M 

XRITS 

nx.Asc 

#TOnT;:H4  pick  l'p  if.'M  C'F  '-f:,' 

YBITS+2  ACjIVxI.UY  ST'iFU  F^P 
HXASC  DATA  IN  CF./'FF!!;  \  , 
#yBI'iI\M+2  cr-w  TO  A-CTI  S, 

YBiTG+1  sirpi:  Ex’  auTUT  SjFf:.' 

HXASC 

^YBITi;’-! 

YBTTS 

IKA.SC 


]58 


n]  "J-9 


04350 

OEFE 

CF' 

1327 

IX)X 

SZEITTiM 

+4  PIi.u  L'}'  HUM  OH  BITS 

04360 

08F1 

B6 

34B8 

LDA  A 

ZBITS+2 

ACTU/vILY  ST'ORIE  ITiR 

r.'T7C 

oriA 

TD 

0955 

u  1 . 

f:tsc 

DF.T?.  TH  riH'-'T,  2, 

C  ■'  ? ' 

c;f7 

c.: 

1325 

iL';.; 

w;BrF.'.’i+2  C..UV  TC  22 7,21  j 

04390 

08FA  B6 

34B7 

LDA  A 

ZBITS+1 

STORE  IN  OUTPUT  S'E3EJG 

04400 

08FD 

BD 

0955 

JSR 

RXASC 

04410 

0900 

CE 

1323 

IRiX 

ifZBITlNM 

04420 

0903 

F* 

34E6 

LDA  A 

ZBITS 

04430 

0906 

BD 

0955 

JSR 

HXASC 

04440 

0909 

CE 

136D 

LDX 

#TBIT!-JM+4  Pia<  UP  NUM  OF  BITS 

04450 

090C 

B6 

34EB 

im  A 

TBITS+2 

ACTUALLY  STORBD  FOR 

04460 

090F 

BD 

0955 

JSR 

liXASC 

TIME  (OR  OTHER  PYSAJIETT 

04470 

0912 

CE 

136B 

LDX 

#TBIT!':M+2  oonv  to  ascii  & 

04480 

0915 

B6 

34BA 

LDA  A 

TBITS+1 

STORE  e:  ojtt-ut  string 

04490 

0918 

BD 

0955 

JSR 

HXASC 

04500 

091B  CE 

1369 

LDX 

miTTIM 

04510 

091E 

B6 

34B9 

IxDA  A 

TBITS 

04520 

0921 

BD 

0955 

JSR 

HXASC 

04530 

0924 

CE 

OF  8  9 

LDX 

#COSTxAT 

GET  CliTTUT  STRITIG  xHDDR 

04540 

0927 

BD  CA8F 

JSR 

aiTOCR 

&  SEND  TO  CONSOLE 

04550 

092A  BD 

CA36 

JSR 

KEYBDO 

VY^IT  FOR  TERM  INPUT 

04560 

092D 

7E 

2800 

JMP 

DOS 

JUI-IP  BACK  TO  GU.LING  RC 

04570 

* 

04580 

*FUNC: 

MSGCLR 

04590  *]mPUTS:  I 

04600  *OUTPUTS: 

04610  *CALLS:  NC 

04620  ^DESTROYS; 

04630  *PURPOSE: 

04640  *  PRSTAT  ] 

04650  * 

04660  0930  4C  MSGCLR  JFX 

04670  0931  C6  20  LD7 

04680  0933  4A  MEGCLl  DEC 

04690  0934  27  05  EEC 

04700  0936  L7  00  ST7 

04710  093  8  08  my. 

04720  0939  20  F8  PIT' 

04730  093B  39  MSGCL2  ICTS 

04740  * 

04750  *  EMD  OF  M 

04760  * 

Q  *70  ■k'k’k-k'k'k’k’k’kii 

04780  * 

04790  *FUNC:  DEG 

0  4  800  *INR]TS:  X 

04810  *0UTI^U1E: 

04820  *CALIE;  HO 

04830  *DESTROYS: 

04840  *PURPOSE: 

04850  *  FRQ^.  t-ei 

04860  * 

04f770  093C  BF  1C9C  nSGPUT  STS 
0  4  8  80  0  93F  BE  095D  liJS 


*]mPUTS:  A  (#  OF  SPACES  TO  CLR)  ,X  (LOG  TO  PUT  SPACES 
*OUTPUTS:  ASCII  $20  TO  AT  X 
*CALLS:  NOTimCG 
^DESTROYS:  A,R,CC 

*PURPOSE:  THIS  RaiTIHE  OJIS  TEE  HSG  BUFFER  EA.ai  TIME 

*  PRSTAT  IS  lEALLED  FOR  ME'J  INFO  OFF  OF  TEE  DATA 

* 


I-ISGCLR 

INC  A 

INC  COUNTER 

LDA  B 

#$20 

ASCII  SPACE 

FEGCLl 

DEC  A 
BEQ 

r4SGa,2 

IS  BUFFER  CLRro? 

STA  B 
EIX 

0,X 

NO.  KEEP  LOOPING 

PRA 

MSGCLl 

MSGCL2 

irrs 

*  EMD  OF  MSGCLR 

* 

•k’k’k-kickit'k'k-k'k'k-kicicic'k'ki: 

* 

*FUNC:  r'SGTOT 

*INR]TS:  X(ADDR  V.I!EP£  DATA  Ol  FR.MI/X:  CDT^’G) 
*OUTI^UlS:  ASCII  DATA  TO  ADDR  IM  X 
*CALIS;  HOTUIH'G 
*DESTROYS:  A,X,CC 

*PURPOSE:  Tins  P.aiTniES  TR/YiSFiiiR  /vSCII  TINT 

*  FRQ^.  t-ei  FILE  HDR  TO  STxAT  :-SG  ITTT-T'R 

* 

MSGPUT  STS  STKSAV  SAVE  aiRi’-FT'  S^Y.CK  ’T': 
IJJS  FPITOC  GI'T  I/O  OF  DATA  iO" 
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041 
04  POO 

r.  ; 

11 '  .  ■ 

04930 

04940 

04950 

04960 

0  4  970 

04980 

04990 

05000 

05010 

05020 

05030 

05040 

05050 

05060 

05070 

05080 

05090 

05100 

05110 

05120 

05130 

05140 

05150 

05160 

05170 

05180 

05190 

05200 

05210 

05220 

05230 


0942 

0943 


04 
C 11 

00 


34 
32 

■:  n 

.  O  ;:7 

0948  A7 
094A  08 
094R  20  F6 
094D  31 
094E  BP  095D 
0951  BE  1C96 
0954  39 


MSGPUl 


MSGFU2 


DES 
RJL  A 
CT  A 

i  •  0 

STA  A 

INX 

BRA 

INS 

STS 

LDS 

RTS 


rBGPUE 

o,x 

MSGPUl 

FRI4IX)C 

SrKSAV 


OP 


NO.  R)T  aiAR  IN  MSG 


UPDATE  STK  WITU  NEXT  TTO’SFR  L 
STR  PACK  IN  FPllLOC 
PICK  UP  ENTRY  STACK  PTR 


0955  FP  1CA7 
0958  PE  1CA5 
095B  6E  00 


* 

*  END  MSGFUT 

* 

ic'k'k-k'k'k-kic'k-k'k'k 

* 

*FUNC:  EXASC 

*INPUTB:A,X  (DATA  TO  BE  Ca'A'''D,7J3DR  TO  STORE  ASCII  0 
*CALLS:  HS/£C  P.OUTir;E  It-3  BOG-EXEC 
*DISTROYS:  A,X,CC 

*PURPOSE:  Tins  IS  A  RELOC  P/■'^SS  KOUTHOE  TO  PICK  UP 

*  ADDRO  OF  UXASC  IN  KCG-EXEC  A;;D  JUMP  TO  IT 

* 

HXASC  STX  f-IXBUF  SAW  X  IN  PP'BN'ATER  BUFFER 

LDX  UXASLC  GI.'T  ADDR  OF  CQOA^  RaiTD^E  IK!  E 

JMP  0,X  JUMP  TO  IT 


*  END  OF  HXASC 

★ 

*★***'****■*★***■ 

* 

095D  0002  FPllLOC  RMB  ! 
* 

095F  CE  096B  ERROR  LDX 


DATA  FROT  LOC  FOR  I'lSGRJT 


0962  BD  CA8F 
05240  0965  BD  CA36 
0  5250  0  96  8  7E  IDOO 
05260 

05270  096D  0707 

05280  096F  4D 

05290  098C  4E 

05300  09A8  04 

05310 

05320 

053  3  0 

053  40 

05350 

05360 

05370 

053  80 

05390 

05400 

05410 

05420  09A9  4E 


JSR 

JSR 

JT'IP 


(fERRMSG 

OUTOCR 

KEYFDO 

START 


$0707,$0D0A 

/MEf,ORY  FII.E  COMPRESSION  TYPE  / 
/NOT'  RECOGNIZED,  PRESS  RETUB!/ 

4 


EKRMSG  FDB 
FCC 
FCC 
FCB 

* 

•kicii:-k‘ki!'ki('k-k'kkii'kk-k-k'k-kii.-k^ii:ie-k'ki(ici:'k-k'k'kirick'kkk'k'kick'k'k-k-kicii'k 

*  END  PRSTAT 

* 

ic'k^'k'kit'k'k’k'k'k'k-k'kii'kicick'k'kick'kicic'kic'k-k'kick'ki.-k’k'k'k'k'k'k'k’k'k'kif'k'k'k 

* 

*  OUTPUT  STRUNG  TO  LIST  TO  CONSOLE 

* 

★  ***★**★*****•*•****•*:*******■**•*;***  ******'AiI:*****!*tI:*'** 

★ 

NOCa4P  FCC  /NO  OOMPRFSSION  PFRim’lED/ 
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PRSl'A'l'-9 


05430  09C1  04 

FCB 

4 

05/*./'0  09C2  54 

TOLA 

FCC 

/T0IA’:-A/ 

C'.'"''  04 

F'CB 

4 

054G0  09CA  54 

TOLB 

rcc 

/TOL/A-n/ 

05470  09D1  04 

FCB 

4 

05480  09D2  44 

DQ-m 

FCC 

/D0.7FJV 

05490  09D7  04 

FCB 

4 

05500  09D8  54 

TORNFT  FCC 

/TURNN.'G  POTMT/ 

05510  09E5  04 

tx:B 

4 

05520  09E6  32 

INTER 

FCC 

/ZNT)  ORDER  Il^TERiOIATOR/ 

05530  09FC  04 

FCB 

4 

05540  09FD  43 

ENTCLR  FCC 

/CALa'IA.TION  NOT  MADE/ 

05550  OAll  04 

FCB 

4 

05560  0A12  1A07 

HDRI4SG  FDB 

$1A07 ,$OCOD, 80A0A, $0ACA, 3C 

:Ar!A,Sn.''0A 

05570  OAIE  3 A 

FCC 

/:EKG  SANl'LE  COLLECI’ICN 

TO’IS'ijCS/' 

05580  0A3F  20 

FCC 

/  :  PAGE  1/ 

05590  0A48  ODOA 

FDB 

SODOA, $0D0A 

05600  0A4C  46 

FCC 

/FILn'.’AI-LE . 

/ 

05610  0A66  0008 

m-TE 

RMB 

8 

05620  0A6E  ODOA 

FDB 

$0D0A, SODOA 

056  3  0  0A72  53 

FCC 

/SUBJECT  . 

/ 

05640  0A8C  0035 

SUBJ 

Fl-IE 

53 

05650  OACl  ODOA 

FDB 

SODOA, SODOA 

05660  0AC5  53 

FCC 

/SANPLIl.’G  RATE . 

/ 

05670  OADF  OOOA 

RATE 

Pl'IB 

10 

05680  0AE9  ODOA 

FDB 

SODOA, SODOA 

056  90  OAED  44 

FCC 

/DATE  OF  CCLLFCnCN.  .  .  . 

/ 

05700  0B07  0014 

DATE 

KiB 

20 

05710  ODIB  ODOA 

FDB 

SODOA, SODOA 

05720  OBIF  54 

FCC 

/TIMiE  OF  C0LL.ECT10M.  .  .  . 

/ 

05730  0B39  0008 

TIEN 

PrB 

8 

05740  0B41  ODOA 

FDD 

SODOA, SODOA 

05750  0B45  43 

FCC 

/CQMPRESSION  USED . 

/ 

05760  0B5F  0019 

nTE 

r<I'J3 

25 

05770  0B78  ODOA 

FDB 

SODOA, SODOA 

057  80  0B7C  43 

FCC 

/CHA1;NEL  X  ENTROPY  .... 

/ 

05790  0B96  0008 

XEET 

KIR 

8 

05800  0R9E  20 

IXTC 

/  BITS  / 

05810  OPVA  ODOA 

FDB 

SODOA, SODOA 

05  820  0B/J3  43 

FCC 

/aiANNE].  Y  ENir.OlA'  .... 

/ 

05830  Orce  0008 

\17nIT 

PJ-FB 

8 

05840  OBDO  20 

FCC 

/  BITS  / 

05850  ODBC  ODOA 

FDB 

SODOA, SODOA 

05860  OBEO  43 

FCC 

/aiAM.'El;  Z  INITJOPY  .... 

/ 

05870  OBFA  0008 

ZC'IT 

P.EB 

8 

05880  0C02  20 

rcc 

/  BITS  / 

05890  OCOE  ODOA 

FDB 

SODOA, SODOA 

05900  0C12  54 

FCC 

/TOTYN  sa'P.a-:  iNi-oi-v.  ,  , 

/ 

05910  0C2C  0008 

TU'-IT 

EBB 

8 

05920  0C34  20 

FCC 

/  BITS  / 

05930  CC40  ODOA 

FDB 

SuDOA, SODOA 

05940  0C44  50 

FCC 

/PRESS  itncp:]  fo;;  ivn:  ;■ 

'  ■;  ;■ : 

05950  0C6A  04 

IXCB 

4 

05960  0C6B  1A07 

bdr:is2 

I'DB 

$1A07 , SODOA 
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PRS^’AT-9 


C5S70 

0C6F 

45 

FCC 

or  8" 

?o 

FCC 

06  000 

CC9C 

41 

Fee 

06010 

0CB2 

ODOA 

FDB 

06020 

ocn4 

52 

FCC 

06030 

OCCE 

0008 

MAXCPR 

P4'1B 

06040 

0CD6 

20 

FCC 

06050 

0CE2 

ODOA 

FDB 

06060 

0CE4 

43 

FCC 

06070 

OCRS 

ODOA 

FDB 

06080 

0CF7 

41 

FCC 

06090 

ODll 

0008 

CPRAQl 

Ri® 

06100 

0D19 

20 

FCC 

06110 

0D25 

ODOA 

FDB 

06120 

0D27 

41 

FCC 

06130 

0D3R 

ODOA 

FDB 

06140 

0D3D 

45 

FCC 

06150 

0D57 

0005 

CPREi'F 

PLB 

06160 

0D5C 

20 

FCC 

06170 

0D6B 

ODOA 

FDB 

06180 

0D6D 

43 

FCC 

06190 

0D7D 

ODOA 

FDD 

06200 

0D7F 

45 

FCC 

06210 

0D99 

0005 

TINEFF 

RilB 

06220 

0D9E 

20 

FCC 

06230 

OD'D 

ODOA 

FDB 

06240 

ODPl 

43 

FCC 

06250 

orx:n 

0005 

COLDER 

r;m 

06260 

ODDO 

20 

FCC 

06270 

ODDF 

ODOA 

FDB 

06280 

0DE3 

43 

ICC 

06290 

ODFD 

0008 

;i'iA>:x 

K'B 

06300 

0E05 

20 

ICC 

06310 

OEll 
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iT^iT  cxxornuj  mN  2"*"  'tst 

02^2 

STA 

A 

Dai'l'ST 

S'iORE  r:  IXANN'T 

(1000 

LDX 

#0 

CLE/vR  I/X3P  CCONrei 

0220 

STX 

IPCKNT 

(;22iF 

STA 

IRC>G:T-i2 

F500 

sr/. 

DACZRO 

P.'LSE  r;T  OFNPr.E  cipcjit 

09 

EFT. 

SBADl 

ri'A  in  (of:gi::c;  loop 

kk’kkkk'kkkkii: 

kkkkkkkkk 

**************************** 

*  BASIC  TIMING  I/X)P  1X3 

•1  EFFICIINCT  TEST 

SPI.OO?  NO? 

DELAY  TO  IV\TC:!  TNT' 

NOP 

IT  TAKES  TO  EE  CFTi:  'PK 

NOP 

IKaiilTTlT  OF  lATFS  38  4 

NOP 

OF  THE  I/XF?  CCFIT’ER 

NOP 

Min:  CO' ON’  CAPFTFS  ',o 

NO? 

HIGH  2  IN' N  S  C:'  4  1  (’'i'E 

015F 

jr-p 

SP003 

ju:-ip  TO  o:c;':iN"F  i.f'cp 

CPOOl  CEI 

PREPARE  rC'R  TTIONI  TFT 

NAT 

STOP  PP.ai'CSSOR  f.  ■.■.AI'l’ 

SD0O4  CL  I 

022E 

LP-X 

IROGlT+2 

RET 'ID  FRCG  i:;'",r:c  a'Gro 

TNX 

022E 

STX 

IP,0n;T+2 

s.avt:  it 

FT5 

BNE 

SI’!/X3P 

CGFiP'  go::e  ffff  to  ooco? 

022C 

LDX 

ipr.d'i' 

YES.  INC  BY'’J'ES  304 

INX 

022C 

sit: 

IROaiT 

SAVE  OCU!!T 

IJ,)A  A  Darj'RT 

c::p  a  10 

r71E  SP004 


IS  DONE  TEST  S7\TISIF'.  FD? 
NO.  KEEP  I/XIPIEG 


* 

*  END  BASIC  Tir-;Ti:G  IDOP  FOR  LTD  TEST 

* 

■k 

SET  rcEvnjT  sr;:i  nx'i 

IDX  #$4000  PIG<  (O'  1N;T<  off  ,.i 


SEP  'in 

IN  \T<  OFF 
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CliFF. 

017A 

FF 

F500 

SO”*! 

DACIT.O 

nf  !  ‘  r’G';,.  r;.'  '■-■t'’  ;  < 

m  f  r 

Ai  7n 

!17 

F-’CO 

S'] 'A 

A 

ADCFFO 

QD  nvcCO  r;'j'  mfI’  fij>p 

U  ..  L.  .  X. 

7  A 

i.  227 

CA-  G  2 

i  '  ' '  2  2  22  1 :  ]  ■  '  7  2 

OlfPO 

018-1 

27 

38 

BIX) 

SPBC7;F 

IS  CXXFA'  3?  V;:S,  C-0  FAXT'  I.AI'A 

01700 

0]  >■:> 

Ff 

0227 

IDA 

A 

ca.lga:’ 

MO,  GI  T  OF'  ::r 

01710 

0189 

81 

02 

CF:P 

A 

4: 

IS  ccxFrr  2? 

01720 

018F 

26 

22 

PDF 

EARS/A^ 

MO.  SAVF  FFC’’  IF?  '? 

01730 

Giro 

FF 

0212 

IDX 

iFnG:T+2 

YES,  SA/F  TIIA  LOCO  OIFMTFF 

017  40 

0190 

Fi-' 

CP.2A 

STX 

01750 

0193 

ci: 

0315 

IDX 

iiSAuni-; 

MQ-;  IF'T  SAMPLE  ADDF  P]  IF0G:C 

01760 

OUT 

FF 

FIFO 

STX 

IRQVFC 

01770 

0199 

16 

7A 

IDA 

A 

SSAA 

SET  VP  DCMHIT 

017  80 

0192 

n7 

0232 

ST’A 

A 

DCADST 

01790 

01 9F 

C!' 

OCCO 

LDX 

#0 

CLP  1X30?  COIFEP  AF’D  SADPLL  CIX' 

01800  01 /\l  FF  02:-:C  STX  IROG’T 

01810  01 A4  FF  022E  SVA  IROGr.M-2 

01820  0.''A7  FF  3 '94  STX  SAl-ir  T^ 

01830  01/.A  FF  F"^C0  PIF;  DAClIiO  "'FGIP  TIFFR  IFTi'RF F'^'S 

01B40  01/L  20  AD  RPA  SPOOl  GO  V,7JT  F(;R  UPFFi'.F:']’ 

01850  Ol/'u'^  F!-  022C  PAFSAV  IL'X  IRQC.'T  SAVE  lAO?  CaJlTT 

01  86  0  0in2  FF  3490  SEV.  LOOFOT 

01870  01F6  FF  022E  U)X  IFOG'.ThO 

01880  01B8  FF  3492  SVX  r/Xi:Cl'+2 

01890  01 FB  71  Oli’A  JFP  TIMFO.  GO  VPQiTF  A.OTIFIF  TIFF  C7P 


01900 

OIBF. 

B6 

022B 

SPDCMI 

IDA 

A 

CALGF.-:1 

/FFjFCE;  '4'0  TDD  CAL  Fc::. 

01910 

OlCl 

BD 

022F 

ADD 

A 

IRCG7’+3 

AT'"'-  'S"  FV’jTS 

01920 

01 C4 

B7 

0229 

S57A 

A 

CALZ]:G;-1 

SFCPi.  11'  EFFi  ER 

01930 

01 C7 

I'O 

022A-. 

IDA 

A 

g\ig:f 

TiCl*  -7^  [  '■'7  O'"' 

01940 

OICA 

B9 

02.2E 

ADC 

A 

iff::  17+2 

/DD  I  TP!  C’^RV 

01  950 

OICD 

137 

0228 

S7A 

/V 

gai.tlo 

S'lC/;!  r;  llF'itr 

01960 

CIDO 

77 

p  p  2  2 

ASR 

calf;  .0 

DV/IDB  BY  2  OC  AITR/TE 

01970 

01D3 

76 

0229 

G\17I.O+l 

019PO 

01  no 

Fo 

08 

IDA 

A 

4  8 

SB'"  UP  CaOD/T  FOR  /;T6 

01990 

01118 

77 

0228 

GM  ,riiF 

ADI; 

GMGi’.O 

r,;n-  mviDE  FF  ?5u  FOR 

02000 

01F3 

76 

0229 

PGR 

gm.;;f.c-h 

ICOPETMTLiRICIT 

02010 

OlFF 

4A 

DEC 

A 

02020 

OlFl’ 

/.O 

I '7 

17 TE 

GGESFiF 

02030 

01  FI 

FA 

0229 

IDA 

A 

C7\1./'7CH'1 

PiGi  UP  shif'/e::'  eefit't- 

02040 

011 '4 

B7 

3  A  98 

Gi’A 

A 

LI  CAL 

FOOTE  r:  FII,:.:  IYD  EErO  EP 

02050 

0117 

F6 

■!/  .. 

IDA 

A 

Dn’/”IT43 

T'.vrA.  C'^'i"7r  i''  'E  ' 

02060 

01  FA 

B7 

7  r  7 

STA 

A 

ACFI  Ci’-)-3 

Si  ECU  ]:0  CCEiTESEP.-E  ITT 

02070 

01  ID 

P6 

3*'-AF 

IDA 

A 

DI'/''ITi-2 

02080 

OlFO 

FT 

3471’ 

STA 

A 

AC;7  C2L2 

02090 

01F3 

FA 

34/D 

IDA 

A 

Dr/PIT-^-l 

02100 

01F6 

!T 

3'F  D 

S'i’A 

A 

/Ci'LCj'-i  1 

02110 

OIF  9 

FA 

34/C 

IDA 

A 

.717710' 

021  20 

0112 

B7 

3412 

STA 

A 

AGl.CT’ 

02130 

OlFF 

FF, 

]r9D 

LDX 

VTX’S.A/ 

YDS.  RBS';G''KF,  IRQ  \0TEC.R 

02140 

0202 

FF 

pi.'I  'P 

SOX 

IR07TC 

02150 

0205 

CE 

0312 

IDX 

rS/AlDG 

02160 

0208 

!'D 

C7'2-F 

JSR 

a^OMCD 

"SAvn.iEG  co-'ri.’'T:'. , . " 

02170 

0?0P 

I'D 

CMC 

JSi^ 

ITAO'D 

GL'E  S/AF  U’  l/ISlOE 

02180 

020F 

Fi; 

3  002 

IDX 

EMDF.VF 
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G?,l  ^''0 

0211 

09 

DFX 

02200 

0212 

1-6  00 

WA 

o,.x 

1 

r:''] 

]  ''  9 

V- .  1  j 

*  V 

ID  ■'  ’yercr-’  '> 

..■0  0',' 

V- ' 

02230 

0218 

P.  D  051 

5  JSR 

S.AVE1-’L 

Yi:s.  SAVE  b:;;  file  gil  dlkf 

0222-0 

021P 

CL'  03  81  IDX 

iSDaiF 

02230 

0218 

^^D  CAFF  JSR 

a’B;cR 

02260 

0221 

F®  C32 

C  JSR 

KEYDD 

02270 

0224 

7E  IDOO  FLXJMP  JF.P 

START 

jur-ip  BACK  TO  i’j;G-Ex;yj 

02280 

•fc 

02290 

0227 

OOCl 

CAiGlT  KB 

1 

TEST  CAT,  I/XT  CCCTri'LB 

02300 

0228 

C002 

C'BSr.O  PLB 

2 

AVG'D  CAL  I/XFS  12 'F' INC  D.'.T  C 

02310 

022/'. 

0002 

CAi.rcF 

2 

TCIP  PUP  POP  PPF  OTT/.C  CAL 

02320 

02.2.C 

0004 

inCClT  KB 

4 

TEMP  1?:TR  IXC!’  CaULJLR 

02330 

0230 

0002 

BUFPGR  RTB 

2 

BUFFER  POiETF ;  OT  A/ATL 

02340 

0232 

OOCl 

DCL/I’ST  KB 

1 

dcaie  test  fi/j  fo.r  l'j:;-  full 

02350 

* 

02360 

0233 

1/.07 

S7K-SSG  FDD 

S1A07 

02370 

0235 

54 

tXLC 

/■IBIS  K 

DDL'LE  S;A’'^,rc  ’P. r*’G  ^ 

02380 

0251 

49 

FCC 

/INPUT  , 

A.D  BiE  DATA  TIBi/ 

02390 

02GF 

ODOA 

FDB 

SODOA 

02400 

0271 

4e; 

FCC 

A:0  DAT 

A  CONPRESSICT./ 

02410 

0285 

ODOA 

FDB 

$0D0A,S 

ODOA 

02420 

0289 

44 

FCC 

/DO  YCO 

'vTSFi  TO  DTCuTE  BFIS  / 

02430 

02.35 

4D 

FCC 

/t'.ODU-.E 

(Y  OR  L)/ 

02440 

02B4 

04 

rCB 

4 

02450 

02B5 

lA 

IRQMSG  FCD 

$1A 

02460 

02B6 

49 

FCC 

/iNSiPi: 

SFEvU-CT  KLD  EKG  DEIBCE  / 

02470 

02D4 

52 

rcc 

/RPADY!/ 

02480 

02.DA 

ODOA 

FDB 

SODOA,  SODOA,  .SODOA 

o 

O 

0280 

50 

FCC 

/TRESS  Ri/BJR'L,  'I'FiZN  CIiOSF  T’TF’IPITE'/ 

02500 

0302 

20 

rcc 

/  KLAIT-I 

'  SivITC]./ 

02510 

031] 

04 

FCB 

4 

02520 

0312 

1A07 

SA171SG  FDB 

S1A07 

02530 

0314 

53 

rcc 

/S7TJT,ING  Ca:FI.I'TE.  PI.E/SE  CPFN  / 

02540 

0334 

49 

rcc 

/INir.iUT 

TO’  rc/TEE  rciTCii./ 

02550 

03  4C 

ODOA 

FDB 

$0O0A. SODOA, SODOA 

0256  C 

0352 

44 

rcc 

/DO  YC'U 

CISE  rc  S/AT  B!I£  DATA  ON  / 

02570 

0373 

44 

FCC 

/DIS4L  (\ 

‘  OR  r,)/ 

02500 

03  80 

04 

FCB 

4 

02590 

03  81 

20 

SDa;E  ire 

/  PRESS 

muiicy 

02600 

03  61] 

04 

FCB 

4 

02610 

02620 

■i  -A  *  *  *  *  ■*  *  it  <  X  y.  *  *  *  *  *  *  *  3^  *  *  *  *•  1^.  *  *  -X  vH  Sk  X  ★  V,  *  -.i;  *  +  -A-  *• 

02630 

,D  i:cx:rRS 

02640 

★  ★  *  *  A:  -A  ★  *  *  *  ★  *  *  *  *  *  :^  *  ■*  ★  *-  *  -A  *  *  lA  *  i  "K  ★  A. ifc  "A  ★  r.  A  k  >.  A  •. .  A  A  A  V  A 

02650 

* 

02660 

* 

02670 

*FUNCTION  :R/.':K,F 

’'iriK’OF  :FrA'lV 

iS  IFDFFFF 

:S 

02690 

^OUITLILTC  :CC::;' 

T'FSSLIj,:] 

aOTED  DA'!A  ]N  UK'  I  Fi 

02700 

*CM.I,.S  :L:{7R'] 

»  r* 

.  V  J 

02710 

*pi)RrcsR  enns; 

raiTT'-j 

SATTFL'S  B';'  F!  , 

02.7  20 

*  RaiRBS  TSiF,  VAl/.'FS  'iO 

J  bib:  (FPU'  i  ?] 
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02730 

*  CM^aiLA'llS 

”AV  MT'’ 

i  uV  .i. .  , 

OF  PITS,  SAXMIS 

027/0 

*  EIX:.,  A\77  F 

TMFS  BE- 

SE  PAJ</u'-l  AMD  DAT.A 

02700 

* 

02770 

* 

02780  03  fF  0001 

SHFP.UF  R?B 

1 

TDIP  SHIFT  FLFFFJ^ 

02750  0390  0001 

TEEP.el  PIB 

1 

TEFp  Rtr,,  IBB  a  I  0 

02800  0381  0001 

TETIEBl  MB 

1 

TENP  REG,  LS'B  QI  0 

02810  0392  0001 

TK4PA2  PJB 

1 

1WP  REG,  PSP  a.!  1 

0  2  82  0  03  93  0  001 

TS1PE2  PIB 

1 

TEMP  RDG,  LS'I  GF  1 

02830  0384  0001 

TE1PA3  MB 

1 

TMIP  REG,  MSB  Gl  2 

02840  0395  0001 

TM1H33  KB 

1 

TEMP  REG,  LS'B  Gi  2 

02850 

•k 

02860  0395  FE  3494 

SAI'IPlE  ldx 

SAMFLFO 

GET  aiR  SAllFT.  COUIJT 

02870  0399  OS 

BTX 

02880  039A  FF  3494 

?rx 

SAI-IFMO 

02890  03 9D  BF  1C96 

STS 

STKSAvV 

SAVE  STAG!  PP.T 

02900  O3A0  8E  3280 

LDS 

S$32R0 

INITIA1,I7E  ST/GL  IN 

02910  037^3  CE  E4C0 

IBX 

SADCZlFO 

Xai  PUT  SE  A/D  TO  STA. 

02920  03A6  A7  00 

STA  A 

o,x 

FOR  GBSkEL  0 

02930  03A8  01 

NOP 

02940  03A9  A6  GO 

IBA  A 

0,X 

02850  03AB  F6  01 

IDA  B 

1,X 

02  96  0  037J7  B7  0390 

STA  A 

TMLPAl 

02970  03F0  F7  0391 

STA  B 

TENPBl 

02980  0383  08 

INX 

02990  03B4  08 

INX 

03000  03D5  A7  00 

STA  A 

0,X 

NOT  PULSE  A/D  FOR  COI 

03010  03R7  01 

WP 

OT  CIIATIEL  1 

03020  03D8  A6  00 

LDA  A 

0,X 

03030  03DA  E6  Cl 

LDA  B 

i,x 

03040  03 EC  B7  0392 

ST'A  A 

TnLPA2 

03050  03nF  E'7  0393 

Sl’A  B 

TI3-1IB2 

03060  03C2  08 

INX 

03070  03C3  08 

INX 

03080  03C4  A7  00 

STA  A 

o,x 

NOT  PULSE  A/D  FOR  CO> 

03090  03C6  01 

NOP 

ON  aiANNEL  2 

03100  03C7  A6  00 

LDA  A 

o,x 

03110  03C9  re  oi 

IDA  B 

1  ,X 

03120  03CB  n?  0394 

STA  A 

TLBFAB 

03130  03CE  F7  0395 

SB\  B 

TKrPB3 

03140  03D1  CE  0390 

IDX 

ITH-IPAl 

03150  03D4  1'6  00 

S/l'ia,l  FDA  A 

c,x 

03160  03D6  176  01 

LDA  D 

1,X 

03170  03D8  47 

WiR  A 

NOT'  SHIFT  2  RYT’E  VIS 

03180  03D9  56 

ROR  B 

4  POSITIONS  'ID  Rirr ' 

03190  03DA  47 

ASR  A 

12  BIT  TO  8  BIT  RGT:' 

03200  03DB  56 

ROR  D 

03210  03DC  47 

ASR  A 

03220  03DD  56 

ROR  B 

03230  03DE  47 

ASR  A 

03240  03DF  56 

ROR  B 

03250  03En  F7  03 PF 

STA  B 

SHFBUF 

SAVE  8  PIT  PIS' 'I. T  Ci' 

03260  03E3  ;36  00 

LDA  A 

#0 

A'.’D  ALB  CAJ;iA’  CiD  C'l 

?!7D  :!k:i 

CCi’T/ 


■  r  ' 

: :  yro 
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C3270  03r5  B9  03 ‘-F 
03280  03F8  36 

;  '  “  '  ' 

0—*  —  • 

03310  03F:B  8C  0396 
03320  03 EE  26  E4 
03330  03F0  32 
03340  03F1  FE  0230 
03350  03F4  A7  02 
03360  03F6  FE  3494 
03370  03F9  B1  3497 


ADC  A  SilFBLl’ 
PSU  A 


SHUT  KaiDiEG  l:?  tt  to:; 
SAW  VI, U  IE  STACK  Tr.'HOK/iHILY 


ere 

KIE 
PUL  A 
LDX 
STA  A 
LDX 
GMP  A 


#TmrA3+2  aiAIPTlL  Z  RailDED  TO  8  CITS 
SAAH^Ll  NO.  GO  S.VMPLE  HDT  CITTN'CL 
GET  Z  DATA 

BUFPTR  Pia<  UP  a’R  I'-EM  FILE  PER 
2,X  SAVE  DATA  lO  f'EN  I'lI.E 

SAIIRIO  GET  CUR  S;'u‘',PUl  cou::'!' 

MAXZ  IS  CUR  Z  FAvX  0\E  SA’-.Pl,!-'  .SET? 


03380 

03FC 

2F 

06 

BLE 

SPZMIN 

NO.  CO  aiECK  TOR  M.r; 

03390 

03FE 

B7 

3497 

STA  A 

MAXZ 

YES.  KEEP  OjP  W  U 

03400 

0401 

FF 

3493 

.STX 

MAXZIXD 

KEEP  CUR  C/EJM.E  ME 

03410 

0404 

B1 

34  9A 

SPZNIFJ 

CMP  A 

MEIZ 

IS  CUR  Z  ME!  Over.  SLMiEE  SET? 

03420 

0407 

2C 

06 

BGE 

SPYMAX 

NO.  GO  aiEG!  TOR  Y  :TX 

03430 

0409 

B7 

349A 

STA  A 

MEIZ 

YES.  KEEP  CUR  VEU 

03440 

040C 

FF 

349B 

STX 

MINZIX) 

KEEP  aiR  s.ren.E  mie 

03450 

O-GF 

32 

SPElyVX 

PUL  A 

GET  aiR  Y  DATA 

03460 

0410 

FE 

0230 

im 

BUEPFR 

PICK  UP  CURiYMT  GE  FILE  PTR 

03470 

0413 

A7 

01 

ST'A  A 

i,x 

SAVE  DATA  TO  I-XM 

03480 

0415 

FE 

3494 

LDX 

SAMRIO 

GET  a’R  sEiiLE  ccci:r 

03490 

0418  B1 

34  9D 

CMP  A 

NAXY 

IS  a!R  Y  :ax  c\e.r  szi-.ple  set 

03500 

041B 

2F 

06 

BLE 

SPYMIN 

NO.  GO  a!EK  TOR  ME! 

03510 

041D 

B7 

349D 

STA  A 

MAXY 

YES.  KEEP  QIR  Y  VEt' 

03520 

0420 

FF 

349E 

STX 

maxylo 

KEEP  CUR  GVIPLE  Nl'M 

03530 

0423 

B1 

34A0 

spreni 

GMP  A 

MniY 

IS  CUR  Y  MIN  O’ER  SYMnE  SET? 

03540 

0426 

2C 

06 

PGB 

srej’Ax 

NO.  CO  CEFi;  FOR  X  MJX 

03550 

0428  B7 

34A0 

STA  A 

MRIY' 

YT’S.  KEEP  CUR  Y  Vlu 

03560 

042B 

FF 

34A1 

STX 

MINYLO 

KEF’>  CUR  eetie:  NUE 

03570 

042E 

32 

SPM’-’.AX 

PUL  A 

GET  a’R  X  D,^.TA 

03580 

042F 

FE 

0230 

IDX 

BUFPTR 

PICK  I’P  a’RRlMT  !!'iM  FILE  FTR 

03590 

0432 

A7 

00 

STA  A 

0,X 

1 

O 

03600 

0434 

FE 

3^94 

LDX 

SAMP!  10 

GET  a’R  SAXPLF  CCUMT 

03610 

0437 

B1 

34,\3 

CMP  A 

NiAXX 

IS  a’R  X  MIX  G'/FR  GEPLE  SET? 

03620 

043A  2F 

06 

DLE 

SPXI'JM 

NO.  CO  G’ECK  X  MIN 

03630 

043C 

D7 

347G 

ST^A  A 

MAXX 

YES.  KEEP  a’R  ::  V1.U 

03640 

043F 

FF 

34A4 

STX 

M6XXLO 

KFEP  aiR  SAXILE  \T.[’ 

03650 

0442 

Cl 

34A6 

sp:c-'in 

CMP  A 

liINX 

IS  CUR  X  Mil!  O'.ER  set? 

03660 

0445 

2C 

06 

FGE 

MI-miE 

NO.  IXIT  !Vv<,:’E’  UE’AT’E 

03670 

0447 

B7 

34A6 

STA  A 

MINX 

YES.  KEEP  CUil  X  VI U 

03680 

044A 

FF 

34A7 

STX 

HDIXIX) 

KEEP  CUR  SC 'TOE  CCvE  T 

03690 

044D 

OC 

NMOaiE 

CLC 

DUNE  WITH  MAX  MR'S.  NO.! 

03700 

044E 

86 

18 

IDA  A 

5  24 

UTOATO  ACMLCYL  DATA  !'iT  S'  v^K'iD 

03710 

0450 

C6 

00 

EDA  B 

03720 

0452 

BB 

347^ 

ADD  A 

ETABIT+T 

03730 

0455 

B7 

34A'-'’ 

STA  A 

17rABIT’+3 

03740 

0458 

86 

00 

EDA  A 

#0 

03750 

045A 

F9 

34AF: 

ADC  B 

DTABlTl-2 

03760 

045D 

F7 

34.AE 

STA  B 

nrABIT’+2 

03770 

0460 

C6 

00 

I.  DA  B 

iiO 

03780 

0462 

[’.9 

340D 

/VX:  A 

DT;\BIT-H 

03790 

0465 

vn 

3  4  AD 

STA  A 

ITf/J'-IT+l 

03  800 

046  8 

F9 

34AC 

ALX:  B 

r/J’ABIT 
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03810  046B  F7  3  4 AC 

Sl'A  B 

Di’/DIT 

03P20  0461-:  86  08 

(  ,  0  *■  i''  .'‘r;  ('•0 

IDA  A 

#8 

NQ-I  ITDATF  XFJT, TBIT,  "BIT  OKJ 

u:.p--o  oaa:  bd  3-;b2 

,4  ij  A 

A  ,  !  ,  tj  l . . ;  . 

03850  0475  B7  34B2 

ST'A  A 

XBITS+2 

03  86  0  0  47  8  B7  34B5 

STA  A 

YBIl’S+2 

03  87  0  0  47B  B7  34B8 

STA  A 

ZBITS+2 

038E«  047E  86  0  0 

LDA  A 

#0 

03  890  0  4  80  F9  34B1 

ADC  B 

XBITS+1 

03900  0483  F7  34B1 

STA  B 

XBITS+1 

03910  0416  F7  3434 

STA  B 

YBITS+1 

03920  0489  F7  34B7 

STA  B 

ZBI'lS+1 

03930  048C  B9  34B0 

ADC  A 

XBITS 

03940  040r  B7  34B0 

STA  A 

KBITS 

03950  0492  B7  34B3 

Sl’A  A 

YBITS 

03  96  0  0  4  95  B7  34B6 

STA  A 

ZBITS 

03970  0498  7F  34BB 

CLR 

TBITS+2 

03980  04 9B  7P  34BA 

GM 

TBITS+1 

03990  049E  7F  34B9 

CLR 

TBITS 

04000  04/il  34 

DES 

NQ-;  POINT  STAQI  BACK  TO  DATA 

04010  04A2  34 

DES 

04020  04,^3  34 

DES 

04030  04A4  32 

PUL  A 

GET  Z  DATA 

04040  04A5  CE  3A00 

IDX 

#ZPDFil 

04050  04A8  BD  04D2 

JSR 

PDFSTR 

UPDATE  Z  PDF  BIX  COUNTER 

04060  04fl5  32 

PUL  A 

GET  Y  DATA 

04070  04AC  CE  3800 

LDX 

#YPDn4 

04080  047iF  BD  04D2 

JSR 

PDFSTR 

UPDATE  Y  PDF  BIN  COMTHl 

04090  04B2  32 

PUL  A 

04100  04B3  CE  3600 

LDX 

#XPDn-l 

04110  04P6  BD  04D2 

JSR 

PDFSTB 

04120  04B9  FS  0230 

LDX 

BUFRTR 

NQ I  GET  &  URlATi:  HEM  EL'FF  I=T'!< 

04130  04BC  08 

INX 

04140  04BD  08 

INX 

04150  04BE  08 

DK 

04160  04BF  FF  0230 

SIX 

BUFPTR 

04170  04C2  BE  1C96 

IDS 

STXSAV 

RETRIE'7  ENTRY  STACK  POINTID 

04180  04C5  8C  7rFS 

CPX 

#$7FFE 

IS  EDM  BUF  F(,'I,L? 

04190  04C8  26  03 

EJIE 

SAT-IRTI 

NO.  RET  FRrn  E’TR  8  SAHHUI  AG 

04200  04CA  7F  0232 

CLR 

DQTTST 

YES.  RESI.T  fJTl  nJLL  ITDG 

04210  04CD  3B  SAiIRTI 

RTI 

04220  * 

04230  04CE  0002  TETJn^!' 

irai 

2 

TEMP  FORKING  RUFTT.N 

04240  04D0  0002  'I’l-T-IPST 

RT-B 

2 

TEMP  STACK  SAVE  r.UiT  i  ?. 

04250  * 

04260  04D2  BF  04D0  TOFSTO 

S'l’S 

TEDPST 

SA\B  STACK  PRT 

04270  04D5  FF  04CE 

SIX 

TEMIDF 

PDF  IBi; 

04280  04D8  16 

TAB 

SAVE  linin’  DATA  p-pi 

04290  04D9  BB  04CF 

ADD  A 

TTDirDI-'Hl 

NQ-:  CA];^I:IP^T^^  A’'-  i  ^  INC 

04300  04DC  B7  04CF 

STA  A 

TTDIDI'+l 

IN  TUE  I  DF  M1,M  FFFF. 

04310  04DF  86  00 

IDA  A 

#0 

04320  04[:A  C5  80 

BIT  B 

IfSPO 

IS  TUF.  DATA  VIU  Ft  G? 

04330  0413  2B  05 

BMI 

IDFSTl 

YES.  SBC  r-'SB  VS  DX' 

04340  04i;5  B9  04CA', 

7DC  A 

TErilDF 

NO.  ADD  WITii  CMT'Y  FSB 
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04350 

043fi0 

0  *1^  t-ij 

043  SO 
04400 
04410 
04420 
04430 
04440 
04450 
04460 
04470 
04480 
04490 
04500 
04510 
04520 
04530 
04540 
04550 
04560 
04570 
04580 
04590 
04600 
04610 
04620 


04E8  20  03 

04  FA  R2  04CE  PDFSTl 


PRA 
SP.C  A 


PDFST2 

TFr’.IT)P 


Al'D  SI'CRF: 
vr.u  IS  r.'FG. 


SRC 


0  ' 
0  0 
04F1 
04F4 
04F7 


■r;  i'-iri-: 
17 

BB  04CF 
B7  04CF 
86  0  0 
04F9  C5  80 
04FB  2B  05 
04FD  B9  04CE 
0500  20  03 
0502  B2 
0505  B7 
0508  FF 
050B 
050D  31 
050E  AF 
0510  BE' 

0513  17 
0514  39 


04CE 

040- 

04CE 

00 

00 

04D0 


roFST3 

PDFST4 


7  iia 

l.iX':-’  /  .D  /  :  ;  .7  , 

ADD  A 

TEMPDF+1 

FOR  PROPER  ADDR  CALCUIATION 

STA  A 

TI74PDP+1 

LDA  A 

#0 

BIT  B 

Jf$80 

IS  TOE  DATA  NEC? 

BMI 

roFST3 

YES.  SBC  r’£B  VS  AIXT 

PsDC  A 

TniPDF 

NO.  ADD  i;iTO  C7‘IT;Y  r-'flB  BYTE 

BRA 

PDFST4 

AND  SIORE 

SBC  A 

TClPDF 

VLU  IS  NEC.  SUB  I.TTH  CAPJIY 

STA  A 

TIIIPDF 

AND  STOP£ 

LDX 

TaiEDF 

NQ'/  lOAO  CAI..C  AUDR  FOR  LTOEX 

LDS 

o,x 

GRAB  VLU  IN  CALC  ADDR 

INS 

INCRELTOT  IT 

STS 

o,x 

AND  STC'RE  IT  BACK  El  BUi' FER 

LDS 

TEMPST 

RLXDVL'R  STA.Ci;  PCniTER 

TBA 

RECOVER  OPvlCINVJ.  DATA 

RTS 

EXEC  JUMPS 

:  ACCUIIJIATORS 

* 

*FUNC: 


*OUTPUTS:  NONE 
*CALLS :  SAVEFL ,  FILfiEB 
*DESTPOYS:  X,A,B,CC 

*PURPOSE:  TG  JCIP  TO  DESIRED  RaiTKES  VIA  RM.TO  ADDR 

★ 


(EKG-EXEC) 


VIA  ADDR  BliRFIlRS 


04630  0515  FE 

1CA3 

SA^/EFL  LDX  SAVELC 

GET  ADDR  OF  SAVPI'D 

04640  0518  6E 

00 

JHP  0,X 

JLIIP  TO  SAVUT.. 

04650 

* 

04660  051A  FE 

ICAl 

FILHDR  L,DX  FILULC 

GFT  ADDR  OF  PIIIILC 

04670  051D  6E 

00 

JMP  0,X 

JUIIP  TO  SAVIJ'L 

04680 

★ 

04690 

■k'k'k'k'k’ki^'k'k-k'k’k'k'k'k’k'kiciddcidiii'kideiii'kick'k'k'k'k'kir'kicic'kirificki^'k'k'k'i 

04700 

*  EJD  SAJ'!n.E 

04710 

★  **'*★** ******* '^.••A'****^:'#:*'**]*:***'*.'^  ■*•*■*:■*]*:*★*•***** 

04720 

•k 

04730 

* 

04740 

*FUNCTION  :CAI.,]NT 

04750 

*INHIIS  (PEG)  rNCIJE 

04760 

*OUm]IS  (R!X’.)  iNOIiE 

04770 

*CALI^  rNOIPirG 

047  80 

*DESTROYS  (PR;)  C’CGF. 

(INTI  ixRUFT  HADDIIR) 

04790 

*PUPJX)SF,  :TO1S  pa ’TIN 

E  IS  USID  FOR  CVJFi  A'!  i:  C 

0  4  800 

*  TBP  FAX  riETO'R  CP  l, 

(CPS  R'SSl FEE 

04810 

*  DURlisG  AN  IK'iElNllPi' 

iVRLD.  'PUS 

0  4  820 

*  RaiTIT'iE  Ul'DATi  S  Hi!. 

IXPnS'i'  FI 7G  AID 

04830 

*  REEETO  TOi]  ST68O0  INT  FLTP  FIl'P  & 

04840 

*  TOE  REIUroiS. 

0  4  850 

★ 

04  86  0  0  5] F  7C 

0232 

cvji:t  ir;c  dotitst 

INCKE'EI'l'  D'AF  TI  SI’  !  i,'/' 

04870  0522  P7 

F400 

SO’A  A  ADC7I’0 

a,R  S'K.fOO  INI'R  FLIP 

04880  0525  01 

NOP 
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04  BOO  0526  3B 
04^00 


04930 
04940 
04950 
04  960 
0  4  970 
04980 
04990 
05000 
05010 
05020 
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oon.io 


*  O’'' 


OUU'jU 

*  AU'il.Oi\  : 

G\PI.  MEL 

TaZiClLD 

00070 

*  VERSION 

:  1.8 

00080 

*  VERSION 

DATE  :  22  OCT  80 

00090 

* 

00100 

00110 

ic 

00120 

*  OVERLTVY 

DESCRIPTION 

00130 

it 

00140 

*  THIS  OVERLAY  SAMPLES  HIE  FKG  DATA  VIA  IRE 

00150 

*  A/D  CONVTTITEP^,  P.a: 

'•DS  HiE  DATA  TO  8  BITS, 

00160 

*  AND  HIEN 

COMPRESSES 

HIE  DATA  VIA  HIE  lEIAA.'-A 

00170 

*  ALGORITHM.  HIE  COMPRESSED  DATA  IS  HIEN  S5GRJX'  iNH) 

00180 

*  ME.^10RY  DATA  FILE  FROM  3C00-7FFF. 

00190 

it 

00200 

icitititicifitititicitititititititiciticiticitic’kitititid^ifkiticifkitititicititititifititic'kicit 

00210 

it 

00220 

*  START  OF 

TOLAN-A 

00230 

it 

00240 

ititici:i:i(ititi:iti<ititititititifki:ititiciii:itici^it-ki.ifkitifki(i:i:ititititititiciricicitit 

00250 

it 

00260 

0100 

ORG 

$0100 

O'/EPIVtf  START  AJ3DRESS 

00270 

■k 

00280 

OPT 

0 

ASSB  OFT-C-m  OBJ  FILE 

00290 

OPT 

NOG 

AiSSB  OPr-SJPPRE,SS  I’ULL  ECO  LI 

00300 

* 

00310 

it  it  it  it  it  it  ir.  it  it  it  it  it  >:  it  i:  it  it  it  it  it  it  it  it  it  it  it  it  it  it  it  it  it  i:  it  i.  it  it  it  it  it  it  it  it  it  it  i^  it  it  i^i. 

00320 

it 

00330 

*  LAELE  DEQVIRATIONS 

00340 

* 

00350 

*  SUPPORT  SUBROUTINE  ADDRESSES 

00360 

★ 

00370 

CA87 

OUTPUT  BQU 

$CA87 

EPRQIDOS.  ALPH  STRPIG  TO  GOES 

00380 

CA8F 

aiHICR  EQU 

$CA8F 

EPRamS.  ALPE  STRPX'LEO  Q-ILF 

00390 

CA2C 

REYPD  EQU 

$G’\2C 

EPuCGDOS.  miSOLE  r.TlT’  EO 'TI 

00400 

CA36 

KEYP>n0  EQU 

$GA36 

EPRcnvjS.  ci'MEcu;  r.'ii'T,  no  ? 

00410 

IDOO 

ST.ART  EQU 

$1D00 

ERG-E>1EC.  FILE  CRrVJ’E  R.a'TTNP 

00420 

* 

00430 

*  DATA  BUFEERS 

00440 

* 

00450 

3400 

IIDRSTR  EQU 

$3400 

DAvTA  'JIMORY  El'l'I'ER  niVvDER 

00460 

FFF8 

IPnVEC  EQU 

REEF  8 

ILTErSlirT  VECM'CR  ADi'R 

00470 

1C96 

S7KS/5V  FOU 

R1C9G 

STAGE  SA.'E  BM  •;  >:!> 

00480 

1C98 

CPETYP  EQU 

riC98 

COMHIESSICN  El  AG 

00490 

3002 

ENDREE  EQU 

$3002 

ADDR  lf  latit  cn.Nn 

00500 

icon 

VTX'.AAV  EQU 

$]C9D 

IRQ  '.ECrOR  EG.';:  EE:  ’  : 

00510 

ICAl 

FIElilG  LDU 

$1CM 

Fir, HU''  AIEli-:  l  AGS  PEi  I'!:!: 

00520 

1CA3 

EAVEEC  irt'I 

$1CA3 

SA'.'iri,  ;j;Li<  I  AGS  riE'E;  '  ’ 

00530 

34<'0 

lOOj’Cr  EQU 

$3490 

TCO'AJ,  NIM  l/XQ  ENEC'D 

00540 

3494 

SAMPAQ  !QU 

$3494 

rj’MEER  OF  3'.'M:e;S  'lAG!-' 

00550 

3496 

EIXAJ,  M'U 

$34% 

AVGM7  .’EY-:  I/'-'Q  (EG'M'/ E'j'iR 

OOV.O 

34  97 

.’■'jV-iZ  IQU 

$3497 

.’■VR  VLU  IN  C:i  '/ 
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CO:  ,  : 

3498 

f’AXZLO  FOCI 

S3498 

EV\X  VLU  IOC  IE  C!!  Z 

oo:.' n 

349A 

MIl'IZ  EQLI 

$34  9A 

MDi  \T,U  IE  CH  '/ 

;  . 

MIEZIO  EE' 

C;  .  > 

e;::  dc  cn  z 

1' .  . 

34:11 

‘V  l'i,  j 

SI-QD 

: . ...E  :e  l;  v 

OOCIO 

349E 

tiAXYLw  I-iQU 

$349E 

MAX  VI,L'  IQC  IE  CH  Y 

00620 

34A0 

fllNY  EQU 

$3  4  AO 

rmi  VLU  IN  Cil  Y 

00630 

34A1 

MIlEfLO  EQU 

$34A1 

MIN  V17J  LCC  IE  CH  Y 

00640 

3  4  A3 

MAXX  EQU 

$3  4  A3 

MAX  'DD  ra  CH  X 

00650 

34A4 

MAXXLQ  EQU 

$34A4 

riAX  'TDD  IQC  IN  CH  X 

00660 

34A6 

MIMX  EQU 

$34A6 

ME'!  VID  El  GI  X 

00670 

34A7 

MIMXI.0  EQU 

$34A7 

ME!  VLU  IOC  IM  CH  X 

006  00 

3  4  AC 

Ur;\BIT  SQU 

$34AC 

MUM  OF  BITS  USED  TO  STR  DP, 

00690 

34B0 

XEITS  EQU 

$34B0 

KTIM  OF  BITS  USID  TO  STR  X 

00700 

34B3 

YBITS  EQU 

$34133 

EOl  OF  BITS  USED  TQ  5'IR  Y 

00710 

34B6 

ZBITS  EQU 

sS34B6 

NUM  OF  BITS  Ur:D  TO  S'!R.  Z 

00720 

34B9 

TBITS  EQU 

$34B9 

KTJM  OF  BITS  US'rD  TO  STT.  T 

00730 

34BC 

ACELCT  EQU 

$34BC 

S  BITS  FED  TO  VAD  LCi  CODE 

00740 

3600 

XPDETI  EQU 

$3600 

0  VLU  LOC  OF  X  PDF 

007  50 

3800 

YPDE3M  EQU 

$:3800 

0  VLU  ox:  OF  Y  PDF 

007  6  0 

3A00 

ZPDra  EQU 

$3A00 

0  VID  !XK’  OE'  Z  PDF 

00770 

3  BOO 

TPDF  EQU 

$3  BOO 

0  WD  I,OC  OF  time:  VAR  H.IST 

00780 

3C00 

SECZRO  EQU 

$3C00 

DATA  STORE  ADD!!  START 

00790 

* 

00800 

*  H7m77\RE  ADDRESSES 

00810 

★ 

00820 

E400 

ADCZRO  EQU 

$F400 

AJX:  CHANilEL  ZERO 

0  0  830 

E404 

ADCTV-70  FQU 

$E404 

ADC  aJ/\NMEI.  TvO 

00840 

E500 

DACZRO  EQU 

$l:5C0 

DAC  CHALKED  ZERO 

00850 

* 

00860 

* 

00870 

*FUMCTION  :T0IA\’-A 

00880 

*INFUTS  :STA'i\iS  EUFEERS  FRai  EKG-Dr.EC 

00890 

*OUTPUTS  :DATA  IQ  DISK 

00900 

*CAI.LS  :aJTPUT,FEI.!D:<,: 

KEYED,  aiTI’CR 

00910 

*  KEYED0,SAVC1 

?T 

'  ijfkT'j./UVj. 

00920 

*DESTROYS  :ADL  li'QISTFJ 

ID 

00930 

*PURIQSE  ;TO  CC'TIl-.'Cr  3 

CHATIEID  OE  EKG 

00940 

*  DATA  AUD  SlQRi;  iQlQ  ! 

•IIQRY. 

00950 

★ 

00960 

* 

00970  0100 

OF 

TOLAiXA  SEE 

009W  0101 

CE  0252 

IDX 

ISIUESG 

00990  0104 

PD  CAOE’ 

JSR 

aiTxa-; 

"DiTS  IQD’ilE  SA’injS  TiE... 

01000  0107 

ED  CA2C 

JSR 

KEE'PD 

GET  KMTQXSE  FECQ  COESDID 

01010  OlOA 

FE  3002 

IDX 

et:dbuf 

01020  OlOD 

09 

DEX 

01030  OlOE 

E6  Ov! 

IDA  B 

o,x 

01040  0110 

Cl  59 

aip  B 

j!  >Y 

IS  lEDir  YES? 

01050  0]12 

27  03 

BEQ 

IQIAEl 

YES.  rX'FP  iXEfVTTEG  TEIS  KO 

01060  0114 

7E  IDOO 

JRP 

NO.  PT’':  'JO  i 

01070  0]]7 

CE  5441 

'iQBAXl  IDX 

A":  5  4  41 

FLAG  acrEIDEE E!  'iVJT:  (TA) 

01080  OllA 

F!’  1C9B 

SEX 

CERIYP 

01090  0]in 

lU)  0238, 

JS’R 

ETEIDR 

SET  UP  DATA  PILE'  Hr.’DrP 

01100  0120 

CE  02.89 

IDX 

=qrq:dg 
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OHIO 

0123 

BD 

c;\8F 

JSR 

"ILSFRE  SUiMEC"'  .'AD  FFG., 

01120 

01  26 

BD  CA36 

JSR 

KEYI’.DO 

c: 

:,''20 

TCL/'  .cc  : 

•FFCFFO 

'■'’TTI/LH;  r'F: 

*  "  X 

Cll- .. 

FF 

024F 

4  •;  r  • 

BLT'Prk 

Sm'F'.  r::i ; ; ::  .  . 

01150 

012F 

86 

04 

LDA 

A 

#4 

piac  UP  coc'Mtfj:  for  ti.’-d 

CAL 

0116C 

0131 

B7 

0245 

STA  A 

CALCNT 

STORE  IN  BUFFER 

01170 

0134 

86 

80 

IDA 

A 

#$80 

INITIALIZE  BIT  POINTER  ID 

LFi' 

01180 

0136 

B7 

03C7 

SI'A 

A 

BITPTR 

01190 

0139 

4F 

CLR 

A 

INIT  CONPRESS  VAR 

01200 

013A  B7 

0251 

STA 

A 

FIRST 

CLEAR  FIRST  SAJ'RIX  FLAG 

01210 

013D 

R7 

03BC 

STA  A 

XSLOPE 

01220 

0140 

D7 

03BD 

STA  A 

YSLOPE 

01230 

0143 

B7 

03BE 

STA  A 

ZELOPE 

01240 

0146 

F£ 

FFF8 

LDX 

IRQVEC 

Piai  UP  OJPPJl'l  IRQ  VECTOR 

01250 

0149 

FF 

1C9D 

STX 

VECSAV 

SAYTl  El  BUFFER 

01260 

01 4C 

CE 

06/'£ 

TIFiCAL  LL^X 

SCALINT 

GET  INTR  VECTVR  4DDR  FOR  CAE 

01270 

014F 

FF 

FF'FS 

S'lK 

IROVDC 

PUT  IN  '7LCTCR  ADDRESS 

01280 

0152 

86 

00 

LDA 

A 

#0 

ElIT  COuIEriR  FOR  236  TEST 

LOO 

01290 

0154 

B7 

0250 

STA 

A 

DaX'TST 

STC'RF  m  EOIEST  BUI  FER 

01300 

0157 

CE 

0000 

LDX 

#0 

CLEAR  LOOP  can, TER 

01310 

01 5A  FF 

024A 

STX 

IRQ^JT 

01320 

01 5D  FF 

024C 

STX 

IRQCMT-2 

01330 

0160 

FF 

E500 

STX 

DACZRO 

RT.se  EIT  '^lABI.t:  CIRCUIT 

01340 

0163 

20 

09 

BRA 

SlOOl 

BPA  TO  CaiNPElG  lODP 

01350  * 

01360  *^.*iir*-:^*T(.*i*ri!r*****T*.**'y;***:lA:*******:#;****T*r****'!ic'A*xyfA**'* 

01370  * 

01380  *  BASIC  TIMmC  LOOP  FOR  RFFICIEv'CY  TEST 

01390  * 

02^400  ***************^  ******+********************■!<**•**•** 


01410 

* 

01420 

0165 

01 

SPLCXIP  NOP 

DEH\Y  TO  NATOI  TEE 

01430 

0166 

01 

NOP 

IT  TAKES  TO  KIECUTE  TEE 

01440 

0167 

01 

NOP 

INaiRIENT  OF  BITES  3&4 

01450 

0168 

01 

NOP 

OF  THE  rxro  couni’er 

01460 

0169 

01 

NOP 

blllTl  COUNT  CARRIID  TO 

01470 

016A  01 

NOP 

HIGH  2  EY'j'ES  CF  4  P'TF 

01480 

016B 

7E 

0181 

JNP 

SP003 

JUNP  TO  aOTTNU!’  ECO? 

01490 

016E 

OE 

SPOOl 

a-T 

PREP/vRE  i'OR  TINER  INT 

01500 

016F 

3F. 

WM 

STOP  PROCESSOR  V.AIT 

01510 

0170 

OE 

SP004 

CL  I 

01520 

0171 

FE 

02-k: 

IDX 

IROaiT+l 

rlt'ed  I'pai  INT,  INC  00.1?;’ 

01530 

0174 

OR 

INX 

01540 

0175 

I-'F 

024C 

STX 

IROaiTH  2 

S/\VE  IT 

01550 

0178 

26 

IE 

BNE 

SH,OOP 

CCOET  COIF.  FIT'!-  TO  OOOOV 

01560 

017A 

FE 

024A 

LDX 

IROQJT 

YDS.  INC  EATTS  35.J 

01570 

017D 

08 

IT'IX 

01510 

017  E 

FI' 

02'iA 

STX 

iRoaii’ 

SAVE  OOUIT 

01590 

018.1 

i;6 

0250  SPOOl 

EDA  A 

DONTST 

IS  DCAIE  T  EST  S.'.'T’T.'"!  F]  ED? 

01600 

01 84 

81 

00 

CMP  A 

#0 

01610 

0116 

26 

FEE 

SP004 

NO.  KEEP  LOOP INC 

01620  * 

01630  'k^'kiki(ickir’k’ki(ic'k’k-k'ki('k‘k'^i(ic'k-k'i:'iic-k-ki(i. 

01640  * 


TOlA\’-8 


C16I.0 

*  e:;d 

H7-S1C  ' 

TIF.iXG  MjCP  ITR  LiT  ITST 

pi  rro 

★ 

ir  ii  i.  y.  -•  )! 

i  >  y  y  ' 

1  ->  ;•  'f.  7  >  'y  •k  y  it  V  V*  >.  X  >  V.  >  i.  y  >,  v  i(  i:  X  i.  >  x  >.  Si.  x 

Git)  c.G 

016^0 

0188 

OF 

SEI 

PREVB-JT  SER  TO  !'OP£  IKTR 

01700 

0189 

CE 

4000 

LDX 

#S4000 

Pia<  UP  INTR  OFF  V.'Ord:) 

01710 

01  (!C 

FF 

E500 

STX 

DACZPO 

DIS7J3LE  E;TP.  FROM  TILER 

01720 

018F 

B7 

E400 

STA  A 

ADCZRO 

CLR  ST-6  800  E:T  FLIP  FLOP 

01730 

0192 

01 

NOP 

01740 

0193 

7A 

02A5 

DEC 

C/AGJT 

DEC  TIME  CAL  LOOP  COvETTER 

01750 

01% 

27 

4F 

BEQ 

SPDCWE 

IS  COU’TT  3?  YES,  CO  SALE  DATA 

01760 

0198 

B6 

0245 

LDA  A 

CALO.'T 

NO.  GET  COUILT 

01770 

01 9D 

81 

03 

CMP  A 

#3 

IS  COUNT  3? 

01780 

01 9D 

26 

25 

BNE 

NAINSP 

NO.  CO  TO  MAE.’  SPL  LOOP 

01790 

01 9F 

FE 

024C 

LDX 

rRQa'JT+2 

YES.  SAVE  THE  LOOP  CaprTER 

01800 

0172 

FF 

0248 

STX 

g\lo;.;e 

01810 

017.5 

CE 

03C8 

LDX 

#S774PLE 

NQi/  PUT  S7V'il4:.E  ADDR  El  IRQVEC 

01820 

01A8 

FF 

FFF'S 

STX 

IRQVEC 

01  83  0  01/'J5  86  00  LDA  A  #80  SET  UP  oariST 


01840 

017E 

B7 

0250 

STA  A 

DCITST 

01850 

OIDO 

7f 

0251 

CLR 

FIRST 

RESET  FIRST  SMP  FLG 

01860 

01 B3 

CE 

0000 

LDX 

#0 

CLR  LOOP  COiNT  J'ND  S744PLE  Cai 

01870 

01  r6 

FF 

02^A 

STX 

IROCIT 

01880 

01D9 

FF 

02‘’C 

STX 

IRQQ!T+2 

01890 

OlFC 

FF 

3494 

STX 

SMH30 

01900 

OIDF 

FF 

E5C0 

STX 

DACZRO 

Eri7DLE  TIMER  LMTERRUFIS 

01910 

01C2 

20 

7A 

BPA 

SPCX)1 

GO  NAIT  FCiR  IR'IEIOIUIT 

01920 

01C4 

81 

02 

MAEISP 

CMP 

A 

#2 

IS  CO-Ui,T  2? 

01930 

01C6 

26 

10 

Bi'lE 

P/ARSAV 

NO.  SAVE  FFAPAJTTER  FPCl  EKG 

01940 

01C8 

86 

55 

LDA 

A 

#$55 

SET  FIRST  ITV.G 

01950 

OICA 

R7 

0251 

STA 

A 

FIRST 

01960 

OICD 

B7 

0250 

STA 

A 

DaiTST 

SET  DON'firi'  tor  SMPI.  CC'LLEC 

01970 

OlDO  CE 

0000 

LDX 

#0 

ei743I.E  INTO  a,,CGX 

01980 

01D3 

FF 

E5C0 

STX 

DACZRO 

01990 

OIDO 

20 

% 

ERA 

spool 

GO  V.'AIT  FOR  EITEFRUPT 

02000 

01D8 

FE 

024A 

PARSAV 

LDX 

IRQCIT 

salt:  i/x)p  cap  it 

02010 

OIDB 

FF 

s-nio 

STX 

IDOPa^ 

02020 

OIDR 

FE 

02  TO 

LDX 

irog:t+2 

02030 

OlEl 

FF 

3492 

STX 

Lo6pc.r+2 

02040 

OlEl 

7E 

OITO 

vLMP 

TTMCAT, 

GO  LKECTOE  PMOTIER  TIME  CAL 

02050 

01L7 

P6 

0249 

SITOCNE 

r.DA 

A 

C7n«:i;+i 

/TO'RDPF  TOO  '■'IRE  CAL  IRES 

02060 

OICA  BB 

02  AD 

ADD 

A 

IROCL'TO 

A’DD  rriy  r>v;’!E5'* 

02070 

OUT) 

R7 

02^7 

STA 

A 

CALZmC 

STORE  EC  ru;  iTR 

020  PO 

01 FO 

% 

02718 

inA 

A 

C7\L(i:R 

PICK  UP  MSiC  OF  FTOF'- 

02090 

01 F3 

119 

024C 

7ix: 

A 

irqc:n'+2 

ADD  V;iT!i  CARI'Y 

02100 

01F6 

PJ 

02TO> 

STA 

A 

GVZRO 

s'TORi;  i:;  itoti” 

02110 

01F9 

77 

02 ''6 

ASR 

GM/ZKO 

DIVIDE  BY  2  ''D  A\  ;  :  /  ' 

021  20 

one 

76 

C2.‘7 

ROR 

anzRO+i 

02130 

OlFF 

86 

0” 

IDA 

A 

#8 

SFT  UP  FO'' 

02140 

0201 

77 

0246 

OVEHF 

calzlo 

V.a:  DIVN'E  L':'  2%  :( 

02150 

0204 

76 

0247 

ROR 

CALZP,0+1 

rnoTO/TTO':;!  irur 

02160 

0207 

4A 

DEC 

A 

02170 

020P, 

26 

F7 

PNI-: 

CALSHF 

8  Y*'-T? 

02180 

020A 

LG 

0247 

IDA 

A 

C7aT:!;on 

pici:  IT'  Fii]i''iRn  rf:”'!!’ 

179 


TCIAN-S 


C21"0 

02CD  R7  3495 

S7'A  A 

L13DA 

GXLE  E:  IMl  I’c;  l”'!.; 

0'’!  0  05^0 

JSR 

DTAG  IT 

rn-'  -  0[' 

0<c.2J0 

U216  FF  Fi Fu 

S^iA 

ii  CATC 

02230 

0219  CE  0336 

LDX 

02240 

021C  BD  03  8F 

JSR 

"SAJTLIL'G  CC'Mi’I.rC'F. , , '' 

02250 

021F  BD  G32C 

JSR 

KEYED 

GF.T  SAVE  DhClSICM 

02260 

0222  FE  3002 

LDX 

ENDPUF 

02270 

0225  09 

DEX 

02280 

0226  E6  00 

LDA  B 

0,X 

02290 

0228  Cl  59 

CMP  B 

f:'Y 

IS  DIXTSTON  YFS? 

02300 

0227\  26  OC 

BNE 

EXJMP 

NO.  RTF  'iO  Fi;G-[’>:tC 

023  1  0 

022C  BD  0240 

JSR 

SA'.TIFL 

3T:S.  save  'ill  FILE  DISK 

023  20 

0221'  CE  03A4 

LDX 

#six>;:e 

02330 

0232  BD  03  OF 

JSR 

aFJT.’CR 

02340 

0235  PD  CA2C 

JSR 

KETPD 

02350 

023  8  7E  IDOO 

EXJMP  JKP 

ST/TvT 

JU'l?  BACK  TO  FTG-EXEC 

02360 

* 

02370 

*FUNC:  RELOC  JO  IP 

02380 

*INPU'1S;  A 

02390 

*OUTPUTS:  KOME 

02400 

*CALLS:  FILIIC 

■R,  SAVEFL 

(EKCr-EXEC  RaiTTNES) 

02410 

*DESTRO\’S:  A, 

B,CC,X 

02420 

*PURPCSE  :  Tills  RQ  TKE  ITAJiLES  liOLAL'-A  TO  PE  RFX'CA 

02430 

*^^/ITllalT  v;OR.RY  OF  CFAXGL.G  GALS  TO  EilG-lAFC. 

02440 

★ 

02450 

023E  FE  ICAl 

FirilDR  LDX 

FTLBLC 

GET  FinaiR  /JODP.ESS 

02460 

023E  6E  CO 

JMP 

0,X 

JO'IP  TC  IT 

02  470 

★ 

02480 

0240  FE  1033 

SAVEFL  LDX 

SAVT'I.C 

GET  sa\t:ft,  /DDRESS 

02490 

0243  6E  00 

JMP 

0,X 

JLIMP  TO  IT 

02500 

•k 

02510 

0245  0001 

OUG^T  PMP. 

1 

TEST  CAT,  IXOP 

02520 

0246  0002 

G3LZ:-'0  PMB 

2 

AVG'D  cal  imO  DCPING  DAT  09 

02530 

0248  0002 

CAJ/CE  PMR 

2 

TEMP  BCr  lOR  PPE  CVL.Lr.'C  CAL 

02540 

024A  0004 

L-XiGIT  PM15 

4 

ITTIP  INTR  1/XP  OrALTER 

02550 

02‘':E  0002 

EFTITR  O' '13 

2 

BD'FFR  WETTX  A’  T'';':  /VAIL 

02560 

0250  0001 

DO  AST  O-IB 

1 

DOME  TEST  FIG  FOP  MAM  IT’LL 

02570 

0251  0001 

FIRST  P:':i3 

1 

FIRST  A/D  SAMIX  FIX 

02580 

* 

02590 

0252  1A07 

STRivSG  FDD 

$1A07 

02600 

0254  54 

FOC 

/Tins  modfm:  sai'pi.u-  tt'  ftc  / 

02610 

0270  49 

FCC 

/j\mvy  K 

ID  s'rci  js  'jN'-;  da'J'a  / 

02620 

028A  ODOA 

FOB 

sodoa 

02630 

Q2K  43 

FOC 

/COMFlMS: 

TID  VTA  A! /COR  TOFT.- A./ 

02640 

02A9  ODOA 

FOB 

$0D0A,$0D0/. 

02650 

02/15  44 

FCC 

/IX)  yet:  ! 

TO  loraTF  5”)F 

02660 

02C9  4D 

FCC 

/FiODin.E  I 

:y  or  m)/ 

02670 

02D8  04 

FCB 

4 

026  80 

02.D9  lA 

IR01’13G  FTP. 

81A 

02690 

02133  49 

FGC 

/IMSOT-:  F 

INIVIIGP  AID  FKG  l.V/K” 

02700 

021' 8  52 

FCC 

/Rl’ADY!/ 

02710 

02F[:  ODOA 

FD13 

$0D0A,S0nn.3,SiTMlA 

02720 

0304  50 

FOC 

/PRIX.-;  RI 

'RF’;,  'IVIV  CIXFF 

im 


027  0326  2C 

!x:c 

/  FANJ 

;I8  N.ITV'M./ 

n27-’:n  0333  04 

FC8 

4 

32"' 0  f;;:-'' 

o  ■»  >  r,"* 

02'/ 6  0  033  t  53 

FCC 

/  SiC  . 

c. .  ; :  ■  n.v.  . 

02770  0337  .J 

FCC 

/INTFB 

k;it  eafbfe  rntch./ 

027  80  0  36F  ODOA 

FDD 

SODOA, 

OODOA, SODOA 

027S0  0373  44 

FCC 

/DO  YOJ  WISH  TO  SAFE  AF.IS  DATA 

02800  03%  44 

FCC 

/DISK 

(Y  OR  II)  / 

02810  0372^  04 

FCB 

4 

02820  03A4  20 

SDONE  FCC 

/  PRESS  RETURN/ 

02830  03B1  04 

FCB 

4 

02840 

* 

02850 

* 

02860 

*  END  TOL7\N- 

A 

02870 

* 

02880 

* 

02890 

^FUl'JCTION  :  SAMPLE 

02900 

;STA 

TUS  rrFF'FRS 

02910 

^aiTPU'iS  :CC 

MTMLSS'I) 

,?.a,':LED  DATA  L'.’  MEM  BIT 

02920 

*CALLS  :NCT'; 

3..  .’o 

02930 

*PUOTOSE  :n!IS  RQ.iTE 

'.F  SAAiRLL'S  TliE  FTIG  LEADS 

02940 

*  ROUNDS  'IRE 

VALUES  ' 

:0  B  BITS  C-RCn  12) 

02950 

*  CALCIIM  FS 

r*AA;,MiN 

OF  BITS,  SAMR.ES 

0  2  960 

*  ETC. ,  AND  ; 

SAFES  T]T 

5SF  RAIFA;-!  ALiD  DATA 

02970 

*  TO  DATA  t  EJ 

M  FILE. 

02980 

* 

02990 

* 

03000  0382  0001 

SIEBUP  r?:b 

1 

TEMP  S8IFT  PUi'FER 

03030  0383  0001 

TlNPAl  ]7.]B 

1 

TEMP  REG,  MSB  G!  0 

03020  0383  COOl 

TN'FFl  FCB 

1 

1131?  RDG,  IS}]  CH  0 

03030  033.5  COOl 

Tr;'?A2  iCB 

1 

TRIP  REG,  MSB  CH  1 

03040  0386  COOl 

'i77Tn2  FAB 

1 

TE4P  RK],  LSD  CH  1 

03050  03i'7  0001 

Tr7T'A3  8A'.B 

1 

TC4P  PHiG,  r'SF.  G1  2 

03CG0  038,8  COOl 

T.NF83  I-iB 

1 

TEMP  RJiG,  LSF,  G’  2 

03070  0389  0001 

XDATA  Ri.B 

1 

TEMP  X  CH  Dj'A  BCF 

03080  03iV^  0001 

VmTA  RF3 

1 

TC4P  Y  CH  Dl'A  R’FF 

03090  0388  0001 

ZDATA  ’NO] 

1 

TEMP  Z  Gl  DT'A  RFF 

03100  038,0  0001 

X.SLOPC 

1 

1ST  DIFF  X(N)-X(M+1) 

03110  03r,D  0001 

YSLOFF  ’’MB 

1 

1ST  DIFF  Y(M)-Y(!:-M) 

03120  038.8  0001 

ZSr,CP8  FM3 

1 

1ST  DIFF  Z(N) -/ (8+1) 

03130  031T  0001 

XF’B  FIB 

1 

LXPECiT’D  VAL  (T  X ('.'+]) 

03140  03C0  onni 

'M  XP  FCB 

1 

FXPEGiTAD  VAL  (  F’  V{F"  ’  ) 

03150  03C1  0001 

zr:  .P  FNB 

] 

EXPECTED  VAE  CF  Z(:;  ’  '  ) 

03] GO  03C2  0001 

XA.CCFL  INB 

1 

DIFF  x(;;+i}  -a;E’  c-i)  ) 

03170  03C3  0001 

YACCF!.  ir-I] 

1 

DIFF  Y(K-l-l)  -F(  (N  T  1 

03180  03C4  0001 

ZANC88  FA"] 

1 

DIFF  Z(M-t])  '!■  (■  ' 

03190  03C5  0001 

SBTIC;  F'MB 

1 

I  [FAVE  JUST  MB':  1  ' 

03200  03C6  000] 

IC:T  FAT] 

1 

TIMi-;  CM'  AAJ]  (■;12:' 

032] 0  03C7  0001 

j-viTin’p,  h::}? 

1 

BIT  rUINTEF  FOR  S: > 

03220 

★ 

03230  03C8  F8  3494 

SANn.8  IDX 

SANRFO 

gf:t  aiR  .GN’i’},  crr'T 

03240  030^  OR 

IJ'.’X 

03250  0.3CC  Pi'  7494 

FTX 

SA;iPt:o 

032G0  03CF  '.’F  1C '6 

SNS 

UiBSAA' 

SAVE  S'l'A'AK  'AT 

ic  ■':-s 


03r7('  81-  30P.O 

033(:0  G:ni\  I'D  0-;C8 
03310  03DD  n:  C23r' 
03320  03F0  PO  03P9 
03330  03E3  A7  00 
03340  03f;5  03 
03350  03Eo  r«  03rAi 
03360  03r9  A7  GO 
03370  03n^  03 
03380  03EC  PG  03PB 
03390  03F.F  A7  CO 
03400  03F1  08 
03410  03F2  FF  024E 
03420  03F5  05  55 
03430  03F7  B7  03C5 
03440  03rA  B7  0251 
03450  03FD  86  08 
03460  03FF  07  34B2 
03470  0402  B7  3405 
03480  0405  B7  341^8 
03490  0408  7F  0250 
03500  04GB  BE  1C55 
03510  040E  3B 
03520  04CF  7D  03C5 
03530  0412  27  05 
03540  0414  86  01 
03550  0416  t7  C3C6 
03560  0419  B6  0359 
03570  041C  BB  C3IC 
03580  041F  B7  GOFF 
03590  0422  r6  03FA 
03600  0425  BB  031 D 
03610  0428  B7  C3Cn 
03620  042B  16  03r.B 
03630  042F  DB  03EE 
03640  0-531  B7  03C1 
03650  0434  F-D  05C8 
03660  0437  F6  035.9 
03670  043 A  FO  031  P 
03680  043D  B7  0302 
03690  0440  PG  03P.-5 
03700  04/3  rO  0300 
03710  0446  B7  03C3 
0372.0  044  9  r6  OBFB 
03730  044C  BO  03C1 
03740  044F  I>.7  03C4 
03750  0452  i^G  03C2 
03760  0455  26  21 
03770  0457  IG  03C3 
037  CO  0453,  26  10 
03790  045C  PG  C3C2 
03800  045i  36  17 


LDS 

If  $3  280 

IKITIALIZL  S37.0I:  ID  I’LOIOl  FF 

BP'  A 

I  -T’ 

(L"  O 
STV-iiLO 

rt'  r'lrj 

Joi-; 

YLS.  3FFL  S  Ai  F: 

LDX 

BUPPTR 

NQ',’  S-ni  FIRST  DATA  VLUES 

LDA  A 

XDATA 

Sl’A  A 

0,X 

LDA  A 

YDATA 

STA  A 

0,X 

INX 

LDA  A 

ZDATA 

STA  A 

0,X 

nix 

STO 

EUFPTR 

UPDATE  EUFIGPR 

LDA  A 

ff$55 

SET  STRI''LG  &  F  IRST  F’17D 

STA  A 

STRFLG 

S5  A  A 

FIRST 

LDA  A 

#8 

UPDA'iS  X,Y,Z  BIT  Cri'lS  FOP  d: 

STA  A 

KBITS -i-P 

STA  A 

ypi'is-^2 

STA  A 

Z  Bins +2 

CLR 

dc::ts7' 

a  i7J;  DIK-I'S'I'  FLAG  FOR  1  SFll; 

IJDS 

STKS/A' 

COOPF^ 

STRFIjG 

RAP  DATA  JUST  BPEU  EXI'IED  ? 

BEQ 

OOMP.31 

FC.  KEEP  aiJITr'G  TUT 

LDA  A 

#1 

YES.  SET  TIFD  a'HJITT  TO  1 

STA  A 

ICIT 

COMFRl  IDA  A 

lai.A.TA. 

GET  X  FGI.U 

ADD  A 

XST  OPB 

FDD  iX(E-l)-X(F-2)  ] 

STA  A 

XFXP 

CRIAGT.  [APECITD  VAI.  OF  X(N+1) 

LDA  A 

G'DA^'A 

GET  JAST  Y  SFFl.  V7-J;l.T 

ADD  A 

YSIX)PC 

.add  i  (Y(F-l)-YGf-2)  f 

S'fA  A 

YEXP 

FAPFCl’FD  \7L  OF  v  (:-;+!) 

LDA  A 

ZDATA 

GET  I-AS;T  2  SFPI.  VAJ.FF 

ADD  A 

ZSID-';: 

ADD  { (ZCM)  -ZO  -2)  i 

Sl’A  A 

ZKP 

Gir77:'E  iXPECriD  V3I-  C!"  Z(F-tl) 

JSR 

SAAIPID 

Kai  GO  CIO’  sff..  FG;-fi 

U)A  A 

XDA'T'A 

C3LC  DIF  X(3)-L{X(F) '■ 

SFB  A 

yryj) 

SM'A  A 

XA.OCP:!. 

ca\t  t'iT]-'  'P' 

I  DA  A 

vpA'i'A 

CY.0  DIE  Y(;;)-IGY{F)  ) 

st:b  A 

VFa^ 

STA  A. 

Y/DaiL 

03\'i'  DIF  T’’  V3I-; 

IDA  A 

ZD'IA 

C3J.C  i'lF  ZG-;)-E:  7(F)  ; 

ILB  A 

*3*  »  vi 

SfA  A 

ZACQIL 

DV3B  Dll'  IF  V3R 

LDA  A 

X-ACCFI, 

PME 

CC'Mfi’T. 

AIR-,  GJ,1,  II-;';T5G>;7  A''"IOFS  COD'? 

IDA  A 

37.00. 1! , 

IF  r:0,  FFID  'JO  iF’i-.  ;4,L  iAII'F’F 

BMP 

IDA  A 

X.AGY'!  :i , 

['Ll-: 

a.t-;ri-:2 

1  f!?. 


TOIAX-S 


G3t'10 

0461 

06 

C3C6 

LDA 

A 

IC-’T 

LiDAiF  :d:;  o  j:::  ctJOET:: 

O'!  f 

O.-O:; 

30 

■PT 

A 

Oj 

0-i67 

71 

I 

vLCR.n  3 

Y;.E.  C;_..D  ,  F  A  ..  ... 

03  850 

045  9 

R7 

03C6 

STA 

A 

lOlT 

LO.  IA:C  IC:T  1,  RTI 

03 

046C 

7F 

03C5 

CLR 

SJRFLG 

RFDFT  I  HAVE  JUST  S0’'3ED  F 

03870 

04CF 

86 

55 

LDA 

A 

#?55 

03880 

0471 

37 

0250 

SOA. 

A 

DOXOSJ' 

KI'.EP  DOLE  OTST  SET 

03  890 

0474 

BE 

1C% 

lds 

STKSAV 

RETH.IEV  STADK 

03900 

0477 

3B 

RTI 

03910 

★ 

03920 

047  8 

CE 

340)0 

CO'1PR2  IDX 

#XBITS 

UPDATE  X  BIT  GIOR 

03^30 

047B 

B6 

03C,2 

LDA 

A 

X;>.CG3L 

03^^40 

047E 

BD 

056  8 

JSR 

BITC.’T 

03950 

0481 

CE 

3600 

ldx 

ifXBDl'n 

UIDA.aT:  GI  X  FREQ  OF  OCa'R 

03960 

0484 

B5 

03C2 

LDA 

A 

XACCEL 

03  970 

0487 

RD 

06  6  R 

JSR 

FDESTR 

03980 

048A 

Rn 

03C2 

LDA 

A 

X-ACCEI. 

03990 

04  8D 

R6 

03C2 

LDA 

A 

XACG3L 

04000 

0490 

BB 

03  rc 

ADD 

A 

XSLORE 

G’DC  &  £.A\T  X{E-l)-X(X-2) 

04010 

0493 

B7 

03FC 

STA 

A 

XSLOPE 

04020 

04% 

CE 

34E3 

LDX 

#YB1TS 

UPDATE  Y  RIT  GITR 

04030 

0499 

B6 

03C3 

LDA 

A 

YACCEL 

04040 

049C 

BD 

056  8 

JSR 

BITCIT 

04050 

049F 

CE 

386  0 

IDX 

#YPDFil 

UPDATE  Gi  Y  FREQ  Oi'  OCCUR 

04060 

0.’A2 

B6 

03C3 

LDA 

A 

YACCCL 

04070 

04/6 

r.D 

06  6  B 

JSR 

PDFSIR 

04080 

04A8 

836 

03C3 

IJOA 

A 

YACG7 

04090 

04;Ij 

R5 

03C3 

LD'A 

A 

YACCEi. 

04100 

04;£ 

P.B 

03i:d 

ADD  A 

YSLOPE 

C’DC  S  SARD  Y(N-l)-Y(N’-2) 

04110 

o-ini 

i37 

0300 

STA 

A 

YST.C^PL 

04120 

04134 

C-. 

34R5 

IDX 

IfZBI'iS 

UPDAIE  Z  Rn’  CITP, 

04130 

04D7 

E6 

03C4 

IDA 

A 

ZA.CCEL 

04140 

04r:A  RD 

0568 

JSR 

BITCIT 

04150 

04PD  CE 

.00 

IDX 

liZFiDni 

UPIWE  Gi  Z  FREQ  01'  OCa’R 

04160 

O^'CO 

0JC4 

LDA 

A 

ZACCEL 

04170 

04C3 

r-D 

OGGR 

JSR 

PDFS3P. 

04160 

04C6 

lo 

03C4 

IDA 

A 

ZACCEL 

04190 

04C9 

06 

fi3C4 

LDA 

A 

ZACCEL 

04200 

04CC 

F:B 

03  ID 

ADD 

A 

ZSI.,OPF 

CAOX  y  SA\D  Z(R-l)-ZC:-2) 

04210 

04Cr’ 

D7 

03  RE 

STA 

A 

ZG.OOC 

04220 

04D2 

Cl; 

3  ^-39 

ID’X 

ooiDlTS 

Nai  UPD.MD  TILE  OJT  CLP 

04230 

04D5 

16 

OG 

Li  A. 

A 

% 

04240 

0407 

r.D 

055  8 

■»cp 

k.  ;  V 

04250 

O'iPA 

F'6 

02C2 

cr:',r3  IDA 

A 

'7\ccr;i) 

I  ICO  UP  XAcm  f;'.' 

04260 

04i:;o 

BD 

POIP, 

J."R 

COGS'FR 

i/i  cur:::  i  uov  :u  ;o 

04270 

04F0 

06 

03C3 

IDA 

A 

YA^GIL 

rig;  up  i.occ'i  oo  u 

04280 

041.3 

on 

0.9;  B 

J.BR 

Cniy'-R 

isi  ooDF  s:'':]::  U3 

0429‘0 

03. '>3 

i'6 

(’3C4 

IDA 

/  \ 

ZACG’L 

PTc;  lO'  ;  .F'  O'"],  v: 

04300 

041,9 

0  5]  0, 

JSR 

CCllSZD 

fD  030  ;■  :  6-''  '  Fi 

04310 

041  C 

FA) 

0325 

IDA 

A 

TC;T 

LC’  G;  1  ]C  3  :  ■  ' 

04320 

04;:f 

ci: 

3F(in 

TD'X 

r'vpY)]- 

'OPA'^'F  ';';;'F  'iL  0'  .  .  P 

04330 

04i'2 

OD 

055;' 

JSR 

IDI'rtr 

043  40 

fu]!’5 

in 

003.5 

JSR 

R!  i;!';’ 

pB'  IL  n  D'  FL'  i'  0  0  :  F 

IfO 


AD-AIOO  799 

UNCLASSIFIED 


AIR  FORCE  INST  OF  TECH  HRI6HT-PATTER50N  aFB  OH  SCHOO—ETC  F/«  6/5 
ANALYSIS  AND  PERFORMANCE  EVALUATION  OF  ELECTROCARDIOGRAM  DATA  C-^TC(U) 
DEC  60  M  0  TOHNSENO 
AFIT/6E/EE/80D-46 


NL 


TOL/i';-8 


04350 

04F8  79 

03C6 

RCL 

IGIT 

RCL  7  BIT  IGJT  TO  MS  POSITIOLj 

04360 

04FR  86 

08 

im  A 

#8 

SET  GITER  FOR  TIME  STORE  LOOP 

04370 

04rD  4A 

CaiFR4  DEC  A 

DECRrZTDIT  LOC?  C;TR 

043  EO 

04FS  27 

OF 

BLQ 

COt’.PRG 

tim;  stred  yet? 

04390 

0500  79 

03C6 

RCL 

ICNT 

NO.  rotate  tiie  v;ord  once  lef 

04400 

0503  25 

05 

BCS 

cairns 

1  IN  CARRY? 

04410 

0505  BD 

055A 

JSR 

RESET 

NO.  PUT  0  IN  ^!EM  FILE 

04420 

0508  20 

F3 

BRA 

OOMPR4 

04430 

050 A  BD 

0534 

OOHPR5  JSR 

SET 

YES.  PUT  1  ra  MEM  FILE 

04440 

050D  20 

EE 

BRA 

OOMPR4 

04450 

050F  86 

55 

OOMPR6  IDA  A 

#$55 

0  4460 

0511  B7 

03C5 

STA  A 

STRFLG 

NQ-J  SET  "I  HAVE  JUST  STORED" 

04470 

0514  B7 

0250 

STA  A 

DCNTST 

SET  DONTST  FLAG 

04480 

0517  BE 

1C96 

IDS 

STKSAV 

04490 

051A  3B 

RTI 

04500 

04510 

04520 

04530 

04540 

04550 

04560 

04570 

04580 

04590 

04600 

04610 

046  20 

04630 

04640 

04650 

04660 

04670 

04680 

04690 

047  0  0 

04710 


051E  4D 
051F  2A  06 
0521  40 
0522  BD 
0525  20 
0527  BD 
052A  4D 
052B  27 
052D  BD 
0530  4A 
0531  20  F7 
053  3  3  9 


0534 

03 


06 

0534 


OOf-lSTR  JSR 

RESET 

PUT  0  IN  HEM  FILE  FOR  DELIH 

TST  A 

Nm  TEST  STATUS  OF  A 

BPL 

OOt-lSTl 

IS  IT  +? 

NEG  A 

NO.  GET  2'S  COtIP  FOR  MAG 

JSR 

SET 

NO.  STORE  1  FOR  SIGTl  BIT 

BRA 

Ca-1ST2 

COf-ISTl  JSR 

RESET 

YES.  STORE  0  FOR  SIGI'i  BIT 

Ca-iST2  TST  A 

NOT  an  Da-;i]  &  store  data 

BBQ 

0^1ST3 

CNT  0? 

JSR 

SET 

NO.  STORE  1  TO  HEM  FILE 

DEC  A 

DEC  CNTR 

BRA 

O0MST2 

Q0MST3  RTS 

* 

* 

*FUNC;  SET 

*INFaTS:  BUFPTRrBITPTR 

*OUTPUTS:  BIT 

SET  FT 'ED  TO  BY  ABOVE 

*CALLS:  NOTHING 
*DESTROYS:  B,X,CC 

*PURPOSE;  THIS  ROUTINE  SETS  THE  BIT  POINTED  TO 

)  THEN  UPDATES  THESE  COiOT'ERS 


GET  CUR  ^!EM  TVORD  FOR  DATA  STO 

GET  BIT  IN  TIIAT  TvORD  TO  BE  SE 

SET  THE  BIT 

SAVE  m  MEN  FILE 

CLR  CARRY  FOR  PROPER  LEFT  ROT 

ROLL  BITPTR  OMCE  RIC’.T: 

WAS  BITPTR  Da'H  '■G;  It’E  BIT? 
YES.  IN  BUFFTR  $  SET  BITPTR  T 


047  20 

*  BY 

BITPTR  & 

BUFPTR 

0473  0 

* 

04740 

0534  FE 

024E 

SET 

LDX 

BUFPTR 

04750 

0537  F6 

03C7 

IDA  B 

BITPTR 

04760 

053A  EA  00 

ORA  B 

0,X 

04770 

053C  E7 

00 

STA  B 

0,X 

04780 

053E  OC 

SETO 

CLC 

04790 

053F  76 

03C7 

ROR 

BITPTR 

04  800 

0542  24 

15 

BCC 

SETRTS 

04810 

0544  76 

03C7 

ROR 

BITPTR 

04  820 

0547  08 

INX 

04830 

0548  FF 

024E 

STX 

BUFPTR 

04  840 

054D  F6 

024E 

IDA  B 

BUFPTR 

04850 

054E  Cl 

80 

G'lP  B 

#$80 

04  860 

0550  26 

07 

ENE 

SETRTS 

04870 

0552  7F 

0250 

CLR 

DCmST 

04880 

0555  BE  1C96 

IDS 

STKSAV 

YES.  STOP  DATA  COLLEC  &  RTI 


184 


04f^:r  Ci58  3B 

04900  0559  39 

G-..-  . 

04930 

04940 

04950 

04960 

04970 

04980 


RTI 

SETRTS  RIS 

* 

*FU:]C:  rrrTT 
*INPU'rS:  BUFPTR,BITPTR 

*OUTPUTS:  BIT  RESET  IN  HEM  FILE  FT 'ED  TO  BY  ABOVE 
*CALLS:  NOmiMG 
*DESTRCIYS:  B,X,CC 

*PURPOSE:  THIS  ROUTINE  RESETS  TOE  BIT  IN  IHE  MEMFILE 
*  POINTED  TO  BY  BUFFT'R  &  BITPTR  &  UPDATES  THESE  COUN 


04990 

* 

05000 

055A  FE 

024E  RESET 

LDX 

BUFPTR 

05010 

055D  F6 

03C7 

LDA  B 

BITPTR 

05020 

0560  53 

COM  B 

05030 

0561  E4 

00 

AND  B 

0,X 

RESET  BIT  IN  MEM  WORD 

05040 

0563  E7 

00 

STA  B 

0,X 

SAVE  BIT  ra  MEM  FILE 

05050 

056  5  7E 

053E 

JMP 

SETO 

UPDATE  CNTR'S  AND  CK  IF 

05060 

* 

05070 

♦FUNC: 

BITQvIT 

05080 

05090 

05100 

05110 

05120 

05130 

05140 


*INPUTS:  ACCEL  VLU  IN  A,  BIT  OnR  IN  X 
*OUTPUTS:  UPDATED  BIT  COUNT 
♦CALLStNOIHING 
*DESTROYS:A,B,CC 

♦PURPOSE:  THIS  ROUTE'lE  INC  3  BYTE  BIT  COUIITER  TOTH 
*  NUMBER  OF  BIT  USED  TO  STORE  X,Y,Z,&  TIM!. 


05160 

056A  40 

NEG  A 

NO.  GET  ABS  VI, U 

05170 

056  B  4C 

BITCNl 

INC  A 

ADD  1  FOR  DELIM  0  BIT 

05180 

056C  4C 

INC  A 

ADD  1  FOR  SIGN  BIT 

05190 

056D  C6 

00 

LDA  B 

#0 

RESET  B  VnniOUT  AFFECTING  CAR 

05200 

056F  AB 

02 

ADD  A 

2,X 

INC  LSB  BYTE  OF  COUNT  PTED  TO 

05210 

0571  A7 

02 

STA  A 

2,X 

05220 

057  3  86 

00 

LDA  A 

#0 

05230 

0575  E9 

01 

ADC  B 

1,X 

05240 

0577  E7 

01 

STA  B 

1,X 

05250 

0579  C6 

08 

LDA  B 

#8 

m'J  UP  COUNT  OF  ACTUAL  DATA  B 

05260 

057B  A9 

00 

ABC  A 

o,x 

05270 

057D  A7 

00 

STA  A 

o,x 

05280 

057F  86 

00 

LDA  A 

#0 

05290 

05a  FB 

34BF 

ADD  B 

ACELCr+3 

NO.  INC  ACELCT  COUNT 

05300 

0584  F7 

34BF 

STA  B 

ACELCr+3 

05310 

0587  C6 

00 

LDA  B 

#0 

05320 

0589  B9 

34BE 

ADC  A 

ACELCr+2 

053  3  0 

058C  B7 

34BE 

STA  A 

ACELCT+2 

053  40 

058F  86 

00 

LDA  A 

#0 

05350 

0591  F9 

34BD 

ADC  B 

ACELCT+1 

0536  0 

0594  F7 

34BD 

STA  B 

ACELCT+1 

05370 

0597  B9 

34BC 

ADC  A 

ACELCT 

05380 

059A  B7 

34BC 

STA  A 

ACELCT 

05390 

059D  39 

BITRTS 

RTS 

05400 

* 

05410 

♦FUNC: 

DTACNT 

05420 


♦INPUTS;  NUM  ON  SMFLS  COLLECTED 


185 


TOLAN-8 


05430 

*OUTPU'IS:  EITCIT='ID  SMPLS*24 

054^0 

*CALLS;  NC‘T1JI7:G 

05-'-'0 

*DES']’ROYS:  A, 

,n,x,cc 

05460 

*PURPOSE:  TO 

CALC  NUM  OF  BITS  STORED  DURIIJG  COLLECT 

0  5470 

* 

05480  059E  FE  3494  nTAQ'IT  LDX 

SAI4RVIO 

05490  05A1  86  18 

DTACNl  IDA  A 

#24 

05500  05A3  C6  00 

LDA  B 

#0 

05510  05A5  BB  34AF 

TDD  A 

DTABIT+3 

05520  05A8  B7  34AF 

STA  A 

EirrABIT+3 

05530  05AB  86  00 

LDA  A 

#0 

05540  05AD  F9  34AE 

ADC  B 

DTABIT+2 

05550  05B0  F7  34AE 

STA  B 

DTABIT+2 

05560  05B3  C6  00 

LDA  B 

#0 

05570  05B5  B9  34AD 

ADC  A 

DTABIT+1 

05580  05B8  B7  34AD 

STA  A 

DTABIT+1 

05590  05BB  F9  34AC 

TDC  B 

DTABIT 

05600  05BE  F7  34AC 

STA  B 

ETABIT 

05610  05C1  09 

DEX 

05620  05C2  8C  0000 

CPX 

#0 

05630  05C5  26  DA 

BNE 

DTACNl 

05640  05C7  39 

RTS 

056  50 

•k 

0566  0 

*FUNC;  SAMPLO 

0567  0 

*INPUTS:  DATA  VIA  A/D  CQW 

056  80 

*OUTPUTS:  ROUIDED  DATA  TO  XDTA,YDTA, ZDTA 

05690 

♦CALLS :PDFSTR 

(UPDATE  PDF  HISTOGRAMS) 

05700 

*DESTROyS;A,B,X,CC 

05710 

♦PURPOSE:  THIS  ROUTKES  SAMI’LES  THE  A/D  A’lD  ^HE^; 

057  20 

*  ROJIDS  THE  : 

DATA  TO  8  BITS  FROT  12.  THE  DATA 

05730 

*  IS  PLACED  IN  XDTA,yDrA,ZEri’A  WT)  THE  COLLEC 

05740 

*  STAT  ARE  UPDATED. 

057  50 

* 

05760  05C8  CE  E400 

SAMPLO  LDX 

#ADCZRO  Na7  PULSE  A/D  TO  START  CONV 

05770  05CB  A7  00 

STA  A 

0,X  ON  CHAP’NEL  0 

05780  0  5CD  01 

NOP 

05790  OSCE  A6  00 

LDA  A 

0,X 

05800  05D0  E6  01 

IDA  B 

l,x 

05810  05D2  B7  03B3 

STA  A 

TEMPAl 

05820  05D5  F7  03B4 

STA  B 

TEI4PB1 

05830  05D8  08 

INX 

05840  05D9  08 

INX 

05850  05DA  A7  00 

STA  A 

0,X  NOT  PULSE  A/D  TO  CONV 

05860  05DC  01 

NOP 

CN  CHAI314n.  1 

05870  05DD  A6  00 

LDA  A 

o,x 

05880  05DF  E6  01 

IDA  B 

IrX 

05890  05E1  B7  03B5 

STA  A 

TEI‘1PA2 

05900  05E4  F7  03BS 

STA  B 

TENFB2 

05910  05E7  08 

INX 

05920  05E8  08 

INX 

05930  05E9  hi  00 

OTA  A 

0,X  NOT  PULSE  A/D  TO  CONXI¬ 

05940  05EB  01 

NOP 

ON  CH  2 

05950  05EC  A6  00 

IDA  A 

o,x 

05960  05EE  E6  01 

LDA  B 

1,X 

TOLA':- 8 


C5970  05F0  B7  03B7 

STA  A 

TEMPA3 

05980  05F3  F7  03B8 

STA  B 

TmPB3 

05990  05F6  CF  0303 

IDX 

#TniPAl 

OGOOO  05F9  A6  00  SAiFLl  IDA  A 

0,X 

06010  05FB  E6  01 

im  B 

1,X 

06020  05FD  47 

ASR  A 

12  BIT  TO  8  BIT  ROUNDED  CCS'IV 

06030  05FE  56 

ROR  B 

06040  05FF  47 

ASR  A 

06050  0600  56 

ROR  B 

06060  0601  47 

ASR  A 

0607  0  06  0  2  56 

ROR  B 

06  080  06  03  47 

ASR  A 

06090  0604  56 

ROR  B 

06100  0605  F7  03B2 

STA  B 

SHFBUF 

SAVE  8  BIT  RESULT  OF  SHIFT 

06110  0608  86  00 

IDA  A 

#0 

AND  ADD  CARRY  OUT  OF  L/'ST 

06120  060A  B9  03B2 

ADC  A 

SHFBUF 

SHIFT  RaiNDlNG  UP  OR  DQ'.N 

06130  06 OD  36 

PSH  A 

SAVE  TO  I'EM  FILE  BUFFER  VIA  S 

06140  060E  08 

INX 

06150  060F  08 

INX 

06160  0610  8C  03B9 

CPK 

#TEMPA3+2  CHANNEL  Z  ROUNDED  TO  8  BITS 

06170  0613  26  E4 

BNE 

SAMPLl 

NO.  GO  SZJ^IPLE  NEXT  QIANNEL 

06180  0615  32 

PUL  A 

GET  Z  BATA 

06190  0616  B7  03BB 

STA  A 

ZDATA 

06200  0619  FE  3494 

IDX 

SAITOO 

GET  CUR  SAMPLE  COUNT 

06210  061C  B1  3497 

aip  A 

flAXZ 

IS  CUR  Z  IVYX  O'VE  EA’TPLE  SET? 

06220  06 IF  2F  06 

BLE 

SPZMIN 

NO.  GO  aiEQC  FOR  MIN 

06230  0621  B7  3497 

STA  A 

MAXZ 

YES.  KEEP  a.TR  \T.U 

06240  0624  FF  3498 

STX 

MAXZLO 

KEEP  CUR  SAMPLE  ITJM 

06250  0627  B1  349A  SPZMIN 

QIP  A 

MIHZ 

IS  aiR  Z  MIN  OVER  SAi'lPLE  SE'17 

06260  062A  2C  06 

BGE 

SPYMAX 

NO.  GO  QIECK  FOR  Y  .'  AX 

06270  062C  B7  349A 

STA  A 

MINZ 

YES.  KEEP  aiR  VLU 

06280  062F  FF  349B 

STX 

MINZLO 

KEEP  CUR  SAMH.E  NUM 

06290  0632  32  SPYMAX 

PUL  A 

GET  CUR  Y  DATA 

06300  0633  B7  03nA 

STA  A 

YDATA 

06310  0636  B1  349D 

aip  A 

MAXY 

IS  CUR  Y  MAX  OVFR  SA'IPIE  SET 

06320  0639  2F  06 

BLE 

SPYMIN 

NO.  GO  CHEK  FOR  MIN 

06330  063B  B7  349D 

STA  A 

MAXY 

YES.  KEEP  CUR  Y  VLU 

06340  063E  FF  349E 

STX 

MAXYLO 

KEEP  CUR  SAI-IPLE  NUM 

06350  0641  B1  34A0  SPYimi 

a  ip  A 

MINY 

IS  OJR  Y  MIN  07ER  SAJ'IFLE  SFT? 

06360  0644  2C  06 

BGE 

SPXr-lAX 

NO.  GO  CHEK  FOR  X  MAX 

06370  0646  B7  34A0 

STA  A 

MINY 

YES.  KEEP  CUR  Y  VLU 

06380  0649  FF  34A1 

STX 

MINYLO 

KEEP  CUR  SAMPLE  IKJM 

06  3  90  06  4C  32  SPXTIAX 

PUL  A 

GET  CUR  X  DATA 

06400  06 4D  B7  03B9 

STA  A 

XDATA 

06410  0650  B1  34A3 

CflP  A 

HAXX 

IS  CUR  X  MAX  OVTP  S,M:PLE  SET? 

06420  0653  2F  06 

BLE 

SPXMIN 

NO.  GO  a]Ea<  X  ME,' 

06430  0655  B7  34A3 

STA  A 

MAXX 

YES.  KEEP  Qi?  X  VI, L' 

06440  0658  FF  34A4 

STX 

MAXXLO 

KEEP  am  SAMPLE  V,U 

06450  06 5B  B1  34A6  SPXMIN 

Q'lP  A 

MINX 

IS  am  X  MIN  OVFR  SF'.FiE  SET? 

0646  0  065E  2C  06 

BGE 

MI4DONE 

NO.  EXIT  r’AX,ME'I  UFr.\'  F. 

06470  0660  B7  34A6 

STA  A 

MINX 

YES.  KEEP  aiR  X  VI ,U 

06480  0663  FF  34A7 

STX 

MINXLO 

KEEP  CUR  SAMPLE  CaFiT? 

06490  0666  39  MMDCTJE 

06500  * 

RTS 
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06510 

0667  0002 

TC'IFDF 

PIEB 

2 

TEMP  FORKING  BLT’FER 

06520 

0669  0002 

TEMPST 

RMB 

2 

TEMP  STACK  S^VE  BUFFER 

0653  0 

* 

06540 

066B  BF 

0669 

PDFSTR 

STS 

TQ1PST 

SAVE  STACK  PTR 

06550 

066E  FF 

0667 

STX 

TEMPDF 

SAVE  PDF  PTR 

06560 

0671  16 

TAB 

06570 

0672  BB  0668 

ADD  A 

TENEDF+1 

m<I  CALCULATE  ADDRESS  IN 

INC 

06  5  80 

0675  B7 

0668 

STA  A 

TEI4FDF+1 

IN  THE  PDF  MEM  BUFF 

06590 

0678  86 

00 

LDA  A 

#0 

06600 

067A  C5 

80 

BIT  B 

#$80 

IS  THE  DATA  VLU  MEG 

06610 

067C  2B 

05 

BMI 

PDFSTl 

YES.  SBC  t-lSB  VS  ADC 

06620 

067E  B9 

0667 

ADC  A 

TEMPDF 

NO.  ADC  MSB 

06630 

0681  20 

03 

BRA 

PDFST2 

AND  STORE 

06640 

0683  B2 

0667 

PDFSTl 

SBC  A 

TENPDF 

VLU  IS  NEG.  SBC 

06650 

06  86  B7 

0667 

PDFST2 

STA  A 

TEMPDF 

AND  STORE 

06660 

0689  17 

TEA 

RECOVER  VI.U  A^JD  ADD  (SUB) 

AGA 

06670 

06 8A  BB  0668 

ADD  A 

TEHFDF+1 

FOR  PROPER  ADDR  CALC 

066  80 

06  8D  B7 

0668 

STA  A 

TEMPDF+1 

06690 

0690  86 

00 

LDA  A 

#0 

06700 

0692  C5 

80 

BIT  B 

#$80 

IS  VLU  NEG? 

06710 

0694  2B 

05 

BMI 

PDFST3 

YES.  SBC  MSB  VS  ADC  MSB 

06720 

06  96  B9 

0667 

ADC  A 

TEJIPDF 

NO.  ADC  MSB 

06730 

0699  20 

03 

BRA 

PDFST4 

06740 

06  9B  B2 

0667 

PDFST3 

SBC  A 

TEMPDF 

VLU  IS  NEG.  SBC 

06750 

06  9E  B7 

0667 

PDFST4 

STA  A 

TmPDF 

/ND  STOPJ3 

06760 

06A1  FE 

0667 

LDX 

TEMPDF 

NO  LO.AD  CALC  ADDR  FOR  DIDEX 

06770 

06A4  AE 

00 

IDS 

0,X 

GRAB  VLU  IN  CALC  ADDR 

06780 

06A6  31 

INS 

INC  IT 

06790 

06A7  AF 

00 

STS 

o,x 

AND  STORE  IT  BACK  IN  DUFFER 

06800 

06A9  BE 

0669 

IDS 

TEMPST 

RECOVER  STAa<  POINTER 

06  8],  0 

06AC  17 

TEA 

06  820 

06AD  39 

RTS 

06830 

* 

06840 

♦FUNC: 

CALINT 

06  850 
06860 
06870 
06880 
06  890 
06900 
06910 
06920 
06930 
06940 
06950 
06960 
06  970 
06980 
06990 
07  000 
07010 
07020 


*INPUTS;  NCNE 
♦OUTPUTS:  Nare 
♦CALLS:  NOTMKG 

♦DESTROYS  :NO  REG  (INTR  HANDLER) 

♦PURPOSE:  THIS  ROUTINE  IS  USED  FXDR  CALIBRATING 

♦  THE  NLllBER  OF  LOOPS  POSSIBLE  DURING 

♦  AN  INTERRUPT  PERIOD.  TOIS  ROUTIEJE  UPDATES  THE 

♦  DCNTST  FLAG  AtJD  RESETS  THE  ST6800  INT  FLIP  FLOP 

♦  AND  THEN  RETURNS. 


06AE  7C  0250  CALINT  INC 

06 B1  B7  E400  STA  A 

06B4  01  NOP 

06B5  3B  RTI 


Da^TTST  INCREMENT  DOEJE  TEST  FT /¥E 
ADCZRO  CLR  ST6800  DTTR  I^LIP  ET/)P 


♦  END  OF  TOLAN-A  OVERIJW  ROUTINES 

* 

END 
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COCIiC 

OCO-10 

0!  ^ 
OC'L  u  ^ 

00070 

00080 

00090 

00100 

00110 

00120 

00130 

00140 

00150 

00160 

00170 

00180 

00190 

00200 

00210 

00220 

00230 

00240 

00250 

00260 

00270 

00280 

00290 

00300 


★ 

*  PROGRAlvl  NAIE:  DECPRS 

*  ALj'nfO?.  :  CAI’T.  MEL  lavl^SlinD 

*  :  1.3 

*  VERSION  DATE  ;  29  NOV  80 

4: 

***************************  *******)Kr******4:**4**-**** 

* 

*  PROGRAM  DESCRIPTION 

* 

*  'THIS  PROGRAM  PERFORTJS  TOE  DECQMPRESSION  OPERATI 

*  ON  THE  DATA  COMPRESSED  BY  THE  TOLAN-A,TOLAN-B,Da'rt: 

*  ETC.  THE  ROUTINE  ASSUMES  THAT  THE  DATA  IS  TO  lEI'D 

*  AND  READS  TOE  COMPRESSION  TYPE  ERQ!  THE  MEMORY  FIL 

*  BUFFER  HEADER.  AFTER  PRa^PT  TO  TOE  TEPuMTOAL,  TOIS 

*  PROGRAM  BEGINS  DECOMPRESSION  ^J-ID  OUTPUTS  TOE  DECOM 

*  DATA  TO  AN  ANALOG  DISPLAY  DEVICE  (IE  OSCILLISCOFE) 

*  D/A  CCM7ERTER  0.  TOE  RCUTTOE  REQUIRES  AN  TOTERPUP 

*  CLOCK  VIA  TOE  A/D  BOARD  (ST6800)  W^'D  THE  ?£SU:iFTIO 

*  IS  f3ADE  THAT  THE  INTERRUPT  Q^OCK  FRECUIil^'CY  IS  ADJU 

*  TO  TOE  SAMPLE  RATE  AT  MUCH  TOE  DATA  WAS  TAKEN. 

* 

**************************************************** 

* 

*  START  OP  DECFRS 

* 

**************************************************** 

* 


00310 

0500 

ORG 

$0500 

PROGRAM  ORIGIN 

00320 

* 

00330 

OPT 

0 

ASSB  OPT.  LIST  ASStBLY 

00340 

OPT 

NOG 

ASSB  OPT.  SUPRESS  FCC  LIST 

00350 

* 

00360 

**************************************************** 

00370 

* 

0C380 

* 

LABLE  DESCRIPTIC^S 

00390 

* 

00400 

*  SUPPORT  SUBROUTINES 

00410 

* 

00420 

CA8F 

OUTNQ^  EQU 

$CA8F 

EPRa-BOS.  OUTPUT  STRING 

00430 

CA2C 

KEYBDO  EQU 

$CA2C 

EPRQ-BOS.  INPUT  ALPH  STRING 

00440 

0100 

DISPLA  EQU 

$0100 

EKG-EXEC.  TERMINAL  TOTFC  DRW 

00450 

* 

00460 

*  DATA  BUFFERS 

00470 

* 

00480 

0020 

CHNLBF  EQU 

$0020 

QENL  SELECT  FLG  FRM  DISPLAY 

00490 

3C00 

XINIT  EQU 

$3C0C 

INITIAL,  OOND  CH  X 

00500 

3C01 

YIN  IT  EQU 

S3C01 

INITIAL  COLID  CH  Y 

00510 

3C02 

ZTOIT  EQU 

$3C02 

INITIAL  COND  CH  Z 

00520 

3002 

EIEDBUF  EQU 

$3002 

END-OF-STRILJG  FRLI  TERIl  INPUT 

00530 

FFF8 

IRQVEC  EQU 

$FFF8 

MASKABLE  INTR  JMP  VECTOR  ABR 

00540 

3400 

ilDRSTH  EQU 

$3400 

f-EM  PILE  HEADER  ADDR 

00550 

3C00 

SECZRO  EQU 

$3C00 

DATA  START  LOCATION 

00560 

■k 
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005'- 0 

*  HARDl\’ARE 

ADDRESSES 

00580 

* 

C'-  ■  E5(;0 

DACZRO  inu 

88500  D/A  C;  0 

008 IJ  L4G0 

ADCZJD  LC’U 

$E4C0  VU  Cl!  0 

00610 

* 

00620 

* 

0063  0 

*FUNCTION: 

DECPRS 

00640 

*INPUTS  :  CHNL  SET-ECT  VIA  CHNLBF 

006  50 

*OUTPUTS  : 

DECRPRSED  DATA  VIA  D/A 

00660 

*CALLS  :  OUINCR, KEYBDO, DISPLTXY 

00670 

*DESTROYS 

(REG)  :  A,B,X,CC 

006  80 

*PURPOSE  : 

THIS  IS  THE  SET  UP  RCUTKE  WHICH  BTITIALI 

00690 

*  THE  PROGRAM  CONSTANTS  AND,  DETERMEiES  DimT  TYPE  OF 

00700 

*  CaimESSION  was  used,  and  eijables  peconsoruction 

007  1  0 

*  INTERUPPTS. 

007  20 

* 

00730  0500  OF 

DECPRS  SEI 

00740  0501  FE  3400 

LDX 

HDRSTR  GST  QIPRS  TYPE  FP.ai  ^EM  FILE 

00750  0504  FF  053  8 

STX 

NOTI^Il  SIR  CPR  TYPE  IN  ERROR  ^!SG 

00760  0507  8C  5441 

CPX 

#$5441  IS  IT  lOL/vN-A? 

00770  050A  27  61 

BEQ 

TADECP  YES.  GO  DECPRS  IT. 

00780  050C  CE  0518 

IDX' 

#NOI»ffi  NO.  CPRS  RCUTINF:  NOT  DONE 

00790  0  50F  BD  CA8F 

JSR 

OUINCR  PRD7T  ERROR  MSG  &  REIUPuN 

00800  0512  BD  CA2C 

JSR 

KEYBDO 

00810  0515  7E  0100 

JMP 

DISPIA  RITIURN  TO  DISPLACE  ROUTINE 

00  820 

* 

00830  0518  1A07 

NOir^E  FDB 

$1A07,$0D0A 

00840  051C  44 

FCC 

/DECOt'lPRESSION  FOR  FILE  TYPE  / 

00850  0538  0002 

NOm^l  Ft® 

2 

00  86  0  0  53A  20 

FCC 

/  NOT  YET  IMPLET'iENTED./ 

00870  054F  ODOA 

FDB 

$0D0A,$0D0A 

00  880  0  553  50 

FCC 

/PRESS  mu  KEY  TO  CONTINUE/ 

00890  056C  04 

FCB 

4 

00900  * 

00910  0  56D  96  20  TADECP  LDA  A  QlllLEF  GET  hUICH  OIANIJEL  TO  BE  DECFR 

00920  0  56F  81  00  GMP  A  #0  IS  IT  X? 

00930  0571  26  07  TADECO  BNE  TADECl  NO.  CHECK  IF  Y. 

00940  0573  C6  58  LDA  B  #'X  PUT  ASCII  X  IN  ERROR  r-iSG 

00  950  0  575  F7  0846  STA  B  QmSC 

00%0  0578  20  10  BPA  TADEC3 

00970  057A  81  01  TADECl  CMP  A  #1  IS  IT  CH  Y? 

00980  057C  26  07  BNE  TADEC2  NO.  MUST  BE  Z. 

00990  057E  C6  59  IDA  B  #'Y  PUT  ASCII  Y  IN  FDROR  MSG 

01000  0580  F7  0846  STA  B  CHNASC 

01010  0583  20  05  BRA  TADEC3 

01020  0585  C6  5 A  TADEC2  LDA  B  #'Z  PUT  ASCII  Z  IN  ERROR  MSG 

01030  0587  F7  0846  STA  B  OmSC 

01040  058A  CE  0811  TADEC3  LDX  #GaiSG  GET  FRaiFT  MSG  LOG 

01050  058D  BD  CA8F  JSR  OUINCR  NQV  PRINT  PRQlPr 

0106  0  0  590  BD  CA2C  JSR  KEYBDO 

01070  0593  FE  3002  LDX  ENDBUF  GET  ANSIVER  FROT  TERMIN7\L 

01080  0596  09  DEX 

01090  0597  E6  00  IDA  B  0,X 

01100  0599  Cl  4E  CMP  B  #'N  W7\S  IT  NO? 
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ClllO  059R  26  03 

BME 

TADr:;C4 

YES.  EXIT  RaiTII\E 

01120  059D  7E  0100 

JMP 

DISPI^ 

■:i/  ri  o'ra  cr  3cci3 

LKC 

=  C 

-G  PCSITIO:;  ip-Il'TER  TO  Di7.  S'E; 

Lil<-U  Cbi^  tP  0611 

El’A 

I  L'P)  -.u 

01150  05A6  86  80 

LDA  A 

#$80 

INITIALIZE  BITPT'R  TO  LEFT  BIT 

01160  05A8  B7  0613 

STA  A 

BITPTR 

01170  05AB  7F  0617 

CLR 

XSLOPE 

INIT  SLOPES  TO  ZERO  (2ND  INIT 

01180  05AE  7F  0618 

CLR 

YSLOPE 

01190  05B1  IF  0619 

CLR 

ZSLOPE 

01200  05B4  B6  3C00 

IDA  A 

XINIT 

GET  FIRST  INIT  COID 

01210  05B7  B7  0614 

STA  A 

XDTA 

&  PUT  IN  DATA  BUF 

01220  05EA  B6  3C01 

IDA  A 

YINIT 

01230  05BD  B7  0615 

STA  A 

YDTA 

01240  05C0  Bo  3C02 

LDA  A 

ZINIT 

01250  05C3  B7  0616 

STA  A 

ZDTA 

01260  05C6  IF  0629 

CLR 

TARFLG 

CLR  DECFRSION  FLG 

01270  05C9  7F  061A 

CLR 

CELT 

INIT  TIME  COLE3TER 

01280  05CC  FE  FFF8 

IDX 

IROVEC 

PICK  UP  aiRRII'lT  INT  VEC 

01290  05CF  FF  C61D 

STX 

VECSAV 

SAVE  IT  m  T31P  BUFFER 

01300  05D2  CE  062F 

LDX 

#TARBCN 

PUT  N&7  INT  VEC  IN 

01310  05D5  FF  FFF8 

STX 

IRQVEC 

01320  05D8  86  AA 

LDA  A 

#$AA 

SET  DOJTST  FLAG 

01330  05DA  B7  062A 

STA  A 

DOMTST 

01340  05DD  CE  0000 

LDX 

#0 

01350  05E0  FF  E500 

STX 

DACZRO 

SEND  ENABLE  PLS  TO  INT  CIRCUI 

01360 

* 

01370  05E3  OE 

TAINTR  CLI 

ENABLE  CPU  FOR  RECONS  INTR'S 

01380  05E4  B6  062A 

LDA  A 

DCNTST 

QJECK  IF  DECPRS  DQvE 

01390  05Er7  81  00 

CMP  A 

#0 

DONE  YET? 

01400  05E9  26  F8 

BNE 

TAINTR 

NO.  KEEP  LOOPING 

01410  05EB  OF 

SEI 

INSURE  DITR  DISABLE 

01420  05EX:  CE  0878 

LDX 

#GOAGIN 

PRINT  GO  AGABi  71SG 

01430  05EF  BD  CA&F 

JSR 

OUINCR 

"ENTER  OONTD.'UATION  Ca'B'iAID" 

01440  05F2  BD  CA2C 

JSR 

KEYBDO 

01450  05F5  FE  3002 

LDX 

ENDBUF 

NOT  GET  OOMMAED 

01460  05F8  09 

DEX 

01470  05F9  E6  00 

IDA  B 

0,X 

01480  05FB  17 

TEA 

PUT  IT  IN  A 

01490  05PC  90  28 

SUB  A 

$28 

IRAI^SPORM  X  TO  0 

01500  05FE  97  20 

STA  A 

CHIUDF 

PUT  IN  CmiL  FLAG 

01510  0600  F7  0846 

STA  B 

QiNASC 

PUT  ASCII  IN  ERROR  MSG 

01520  0603  Cl  58 

CMP  B 

#'X 

WAS  IT  .LT.  'X? 

01530  0605  2D  07 

BLT 

TADEC5 

YES.  EXIT  ROUTE7E 

01540  0607  Cl  5A 

aip  B 

#'Z 

WYS  OTD  .GT.  'Z  ? 

01550  0609  2E  03 

BGT 

TADEC5 

YES.  EXIT  ROUTINE 

01560  060B  7E  05A0 

JMP 

TADEC4 

NO.  GO  EXECUTE  DECPP.F  AG.AD3 

01570  06 OE  7E  0100  TADEC5  JMP 

DISPLA 

RETURN  TO  DISPLAY 

01580  * 

01590  ******'**************<:******'************'***7l  A  '*-:l:it.  ***** 

01600  *  END  DECPRS  INIT  EWTINE 

01610  *******************Tlf************'*'*****'A  ****iA  ^.  *^:^  *****r 

01620  * 

01630  * 

01640  *  PARAMETER  BUFFER 
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DECIRS-B 


C1650 

01660  0611  0002 
Oh  ,0  00 1:  o;.oi 
Olfc  tt.1  OGl-.-  Ln.O  i 
01600  0615  0001 
01700  0616  0001 
01710  0617  0001 
01720  0618  0001 
01730  0619  0001 
01740  061A  0001 
01750  061B  0001 
01760  061C  0001 
01770  061D  0002 
01760  061F  0001 
01790  0620  0001 
01800  0621  0001 
OiaiO  0622  0001 
01820  0623  0001 
01  83  0  06  2  4  0  001 
01840  0625  0001 
01850  0626  0001 
01  86  0  0627  0  002 
01870  0629  0001 
01880  062A  0001 
01890  062B  0002 
01900  062D  0002 
01910 
01920 
01930 
01940 
01950 
01960 
01970 
01980 
01990 
02000 
02010 
02020 
02030 

02040  062F  B7  E400 
02050  0632  01 
02060  0633  BF  06 2D 
02070  0636  F6  0846 
02  0  80  06  3  9  81  58 
02090  063B  26  08 
02100  063D  B6  0614 
02110  06  40  FD  0796 
02120  0643  20  12 
02130  0645  81  59 
02140  0647  26  08 
02150  0649  P6  C615 
02160  06  4C  BD  07% 
02170  06 4F  20  06 
02180  0651  F:6  0616 


FliFFTR  re-IB  2 

■  i'.’;  'i'R  ; .  _  ] 

xi:v;,  hh  ] 

YOTA  re-IB  1 

ZOTA  RI-B  1 

XSLOPE  re-IB  1 

YSI.OPE  R>®  1 

ZSLOPE  re  IB  1 

BELT  re-IB  1 

VAI.UE  reiB  1 

a-iT  pj'®  1 

VECSAV  R7®  2 

BITVLU  Pl-B  1 

SIGN'  re-®  1 

XACCEL  re-®  1 

XTET-IP  re-B  1 

YACCEL  re-B  1 

YT'ET-ip  r:-®  1 

ZACCEL  re-®  1 

ZTE-IP  P1-®  1 

TORIBF  re-®  2 

TATxFLG  re-E  1 

DCNisT  re-®  1 

DADUF  re-®  2 

si-KSAV  re®  2 


a’RRENT  I-®n  FILE  I-.'ORD  POINTER 
C'.  'J  "  EIV  E!  r  i  I 'E  OTIEIIE 
Cm  X  Im. 

CH  Y  DATA  BUG 
CH  Z  DATA  BUF 
ai  X  1ST  DIFF  BUFFER 
CH  Y  1ST  DIFF  BUF 
CH  Z  1ST  DIFF 

TI^E  COMPRESSION  RUN  LEI'I  BUFF 
DATA  RET  BUF  FRa-1  GE'IVL® 
COUNTEI^  IN  GETTIM 
IRQ  VECrOR  SAVE  BUF 
BIT  SET/PESET  FLAG  FRa-1  GETEI 
SIGN  BIT  ON  DEOODED  DATA 
UNOODED  CH  X  ACCEL  DATA 
■miP  BU1-’  USED  IN  DECFRS 
UNCODED  CH  Y  ACCEL  DATA 
TB-IP  BUF  USED  E-I  DECFRS 
UI-X^DED  Cl  Z  ACCEL  DA/PA 
TEJIP  BUF  USED  IN  DECPRS 
TEMP  WORKING  BUFFER 
FLG  USED  IN  DECPRS  AICORITHM 
FLG  USED  TO  EXIT  INIR  LOC? 

D/A  COire  OUTPUT  BUFFER 
TEMP  STACK  SAVE  BUl-’FEi^ 


*FUNCriON  :  TARECN 
*INPUTS  :  BUFFER  VALUES 
*OUTPUTS  :  P/A  \W.UES  VIA  ST-6800 
*CALLS  ;  GETVLU, GETTIM,  OUIDA 
*DESTROYS  A,B,X,CC 

*PURPOSE  :  THIS  IS  WE  INTEPLUPf  SERVICE  RanLIE  IJHI 

*  PEPPOreiS  RECONSIRUCTTOM  CN  TIE  TOLAN-A  ENCODED  DAT 

*  FILE  IN  I-EMORY.  TIE  DATA  IS  DECODED  AN®  OCTPUT  Cl 

*  D/A  (ST6800)  CH  0. 


★  ★★★★★Tfe*************  ********  A- **:fci*'A*’* '#.•★***★★  ******** 

* 


TABECN 

STA  A 
NOP 

ADCZRO 

ACK  INTO.  RESET  INTO  FF  ON  ST 

STS 

STKSAV 

SAVE  ENTRY  STACK  FOR  P.T]: 

IDA  A 

aiNASC 

aiECK  CEIL  SEC-CT,  a’TOUT  OIR 

aip  A 

#'X 

IS  CHNNL  SEILCT  X  ? 

EilE 

TARTCl 

NO.  OIK  IF  Y 

LDA  A 

XEfTA 

YLS.  GET  a®  MDI’A  VALL'’. 

JSR 

CUTDA 

aiTFUT  VALi®  VIA  D/;\  o::  d 

BRA 

TARE22 

TAREGl 

a-1P  A 

#'Y 

IS  CINNI,  SELECT  Y  ? 

BNE 

t;'rec2 

NO.  MUST  BE  Z 

LDA  A 

YOTA 

GET  CUR  YOTA  VAIR®. 

JSR 

OUTDA 

CUTOUT  Y  VALL'E  VIA  D/'.\  Cl  0 

BRA 

TARE22 

TAREC2 

LDA  A 

ZOTA 

GET  CUR  ZOTA  VAILE. 

192 


Di:crRS-3 


02190 

0654  BD 

07  S6 

JSR 

a/rruT  z  value  via  d/a  cj  o 

02200 

0657  B6 

0629  TARE22 

!  IDA  A 

TARFLG 

VOSS  LAST  DATA  PT  EirTROPOIJ'vTED 

O.^.PO 

03 

CO 

A 

0 

U/..  ..J 

33 

- .  J  .1 ' 

YD,  L':  ;  cu  g;.'"  y  '■ 

02230 

06 5E  86 

58 

IDA  A 

#'X 

PUT  ASCII  X  IN  GETVLU  ERROR  f! 

02240 

0660  B7 

0A3D 

STA  A 

OVEDCr! 

02250 

0663  BD 

0700 

JSR 

GETVID 

NQ-J  GO  GET  NEXT  XACCEL  VALUE 

0  2260 

0666  E^6 

06  IB 

IDA  A 

VALUE 

AND  PUT  XACCEL 

02270 

0669  B7 

0621 

STA  A 

XACCEL 

02280 

06 6C  B7 

0622 

STA  A 

XTENP 

SAVE  XACCEI-,  IN  TE'IP  BUFF 

02290 

066F  86 

59 

IDA  A 

#'Y 

RTT  'Y  IN  GETVLU  ERROR  MSG 

02300 

0671  B7 

0A3D 

STA  A 

OVFLai 

023  1  0 

0674  BD 

0700 

JSR 

GEWID 

GET  YACCEL  BTA 

023  20 

0677  B6 

06  IB 

IDA  A 

V?DUE 

02330 

06 7 A  B7 

0623 

STA  A 

YACCEL 

PUT  IN  YACCEI.  Vm 

023  40 

067D  B7 

0624 

STA  A 

YTEMP 

PUT  IN  YACCEL  TEMP  VAR 

023  50 

06  80  86 

5A 

IDA  A 

#'Z 

PUT  'Z  IN  GETVLU  ERROR  MSG 

02360 

06  82  B7 

0A3D 

STA  A 

OVFIDH 

0237  0 

06  85  BD 

0700 

JSR 

GET\T.U 

GET  Z/DG-X  DATA 

02380 

0688  B7 

0625 

STA  A 

ZACCEL 

RIT  IN  ZACCEL  VAR 

02390 

06  8B  B7 

0626 

STA  A 

ZTEI'IP 

PUT  IN  ZACCEL  TTA?  VAR 

02400 

06 8E  BD 

07  5E 

JSR 

GETTIM 

NQv  GET  TIIX  COPRESSION  IDI.’  L 

02410 

0691  7F 

0629  TAREC3 

CLR 

TARFLG 

RESET  FLAGS 

02420 

0694  7A 

061A 

DEC 

DELT 

NQ-J  CK  IF  RUN  LEI':  ONLY  1 

02430 

06  97  27 

09 

BEQ 

TAREC4 

YES.  ACCEL  VAR  NOT  ZERO 

02440 

0699  7F 

0621 

CLli 

XACCEL 

ACCEL  IvAS  ZRO  SO  CLR  X-Y-ZACC 

02450 

06 9C  7F 

0623 

CLR 

YACCEL 

02460 

06 9F  7F 

0625 

CLR 

ZACCEL 

02470 

06A2  B6 

0617  TAREC4 

IDA  A 

XSLOPE 

NQI  GET  LAST  SLOPE 

02480 

06A5  BB 

0621 

ADD  A 

XACCEL 

&  CAIX  NEW  SJ30PE  V.TTII  ACCEL 

02490 

06A0  B7 

0617 

STA  A 

XSLOPE 

02500 

06AB  B6 

0618 

IDA  A 

YSLOPE 

02510 

06AE  BB  0623 

ADD  A 

YACCEL 

02520 

06B1  B7 

0618 

STA  A 

YSIDPE 

02530 

06B4  B6 

0619 

IDA  A 

ZSLOPE 

02540 

06 B7  BB 

0625 

ADD  A 

ZACCEL 

02550 

06 BA  B7 

0619 

STA  A 

ZSLOPE 

02560 

06BD  B6 

0614 

IDA  A 

XDTA 

NOT  ODC  DATA  VALUE  USING  SI.O 

02570 

06C0  BB 

0617 

ADD  A 

XSLOPE 

02580 

06C3  B7 

0614 

STA  A 

XDTA 

02590 

06C6  B6 

0615 

IDA  A 

YDTA 

02600 

06C9  BB  0618 

ADD  A 

YSLOPE 

026  1  0 

06CC  B7 

0615 

STA  A 

YDTA 

02620 

06CF  B6 

0616 

IDA  A 

ZDTA 

02650  06D8  B6  061A  IDA  A  DELT  VJAS  RUN  LEN  .CT.  2  PIS  ? 

02660  06DB  27  22  BEQ  TARRTI  IF  YES,  FONT  GET  PP'.'  EIL 

02670  06DD  81  01  CMP  A  #1  JUST  FXTROPCLA'n:  PP’T'.U  prilL 

026  80  06DF  27  07  BEQ  TARFXIS  DELTA  IS  RIDUCED  TG  ] 

02690  06 El  86  37  IDA  A  #55  SET  T/\RFLl 

02700  06 E3  B7  0629  STA  A  TARFLG 

02710  06E6  20  17  BRA  TARRTI 

027  2  0  06  E8  B6  0622  TAREC5  IDA  A  XTEDP  RETRIEYTE  ACCEL  VLUS  IU.E7IOUSI. 
02730  06FB  B7  0621  STA  A  XACCEL 

027  40  06EE  B6  0624  IDA  A  YTEIIP 
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Dirr';'S-3 


02750  06F1  r.7  CG23 
02760  06F4  M  0626 
02770  0GF7  27  0625 
027;:  CGFA  ;;g  55 


STA  A  YACarL 
LDA  A  ZTETIP 
F5A  A  ZO.Cr.'L 


Li  —  /  wL'  /'  1  l'C\i  F.'-'i  /iVl'.I 

02790  06  LX:  B7  0629  STA  A  TARFLG 

02800  06FF  3B  TARRTI  RTI 

02810  * 

02820  ****************  ********it:**^******it**********it****** 

02  830  *  END  OF  INTERRUPT  HANDLFIl 

02  840  **************************************************** 

02850  * 

02  860  *  SUBROUTINES 

0  2  870  * 

02  8  80  * 

02890  ^FUNCTION  :  GEWLU 

02900  *INPU'JS  :  BUrPrR,BITPT!^,SIGN  BUFFERS 

02910  *OUTPUTS  ; VALUE  BUFFER 

02920  *CALLS  :  GETF.IT 

02930  *DFSTRaYS  :  A,X,CC 

02940  *PURPOSE  :  THIS  RaiTEviE  SC/lNS  FiEFORY  ST/\RTI1:G  AT  POI 

02950  *  DEFINED  BY  BUFP1T.,BI'I’PTR  A.\T)  GLIB  ACCEL  VALUE.  F^LT 


H’SURE  VADUF  IS  a,E7vR  ON  STAR 
GET  DELINITEI^  BIT 


02850 
02  860 
0  2  870 
02880 
02890 
02900 
02910 
02920 
02930 
02940 
02950 


02960 

*  AND  BITPTR 

ARE  UPDA' 

0  2970 

■k 

02980 

•k 

02990 

0700 

7F 

06 IB  GETVLU  CLR 

VALIT 

03000 

0703 

ED 

07  ED 

JSR 

GETBIT 

03010 

0706 

B6 

06  IF 

LDA 

A 

Bimu 

03020 

0709 

81 

00 

a!P  A 

SO 

03030 

07  OB 

27 

06 

BEQ 

GEIVLI 

03040 

07 OD  CE 

097D 

LDX 

SSYNCMS 

03050 

0710 

7E 

07F5 

JMP 

ERROR 

03060 

0713 

7F 

0620 

GETVLl  a*R 

SIGN 

03070 

0716 

ED 

07  BD 

JSR 

GETBIT 

03080 

0719 

D6 

06  IF 

LDA 

A 

BIIATD’ 

03090 

07 1C 

81 

00 

GMP 

A 

SO 

03100 

07  IE 

27 

03 

BEQ 

GET'7L2 

03110 

0720 

73 

0620 

cai 

SIGN 

03120 

0723 

BD 

07  BD  GE'I\X2  JSR 

GETEIT 

03130 

0726 

B6 

06  IF 

LDA 

A 

BITVLU 

03140 

0729 

26 

11 

BNE 

GETVL4 

03150 

07  2B 

FE 

0611 

GEIVLB  LDX 

BUTPTR 

03160 

07  2E 

78 

0613 

ASL 

BITPTR 

03170 

0731 

24 

2A 

BCC 

GEIVT,6 

03180 

0733 

79 

0613 

ROL 

BITl'TR 

03190 

0736 

09 

DEX 

03200 

0737 

FF 

0611 

STX 

BLTFl’TR 

03210 

07  3A 

20 

21 

BRA 

GETVT,6 

03220 

07  3C 

7C 

06  IB 

GETVL4  INC 

VALUE 

03230 

07  3F 

2A 

06 

BH. 

GETVL5 

03240 

0741 

CE 

09FB 

LDX 

sovniis 

03250 

0744 

7E 

07  F  5 

JMP 

ERROR 

03260 

0747 

BD 

07  BD  GE7\T,5  JSR 

GETBIT 

03270 

07  4A  B6 

061F 

LDA 

A 

BIIVI.U 

03280 

07  4D 

81 

00 

Q'lP  A 

#0 

IS  DELTf.  BIT  =0  ? 

YES.  GET  NEXT  BIT 

NO.  SA'^'ic  i;pj;0R  iv-s  ccaviED.  e 

IF’SI^RE  SIGN  CLP. 

GET  SICK!  BIT 

IS  ACCEL  PCS? 

YES.  LEAVE  SICN  CLR 
NO.  SET  SIGs’  FLAG 
GET  FIRST  CODE  BIT 


END  OF  VTJ.UE  DECODE.  PACK  UP 
FOR  OORPJXT  PCSITICND;G  FOR  N 

vtvxt:  FETaj 


NQl  P7VST  DELIM  &  S:^GN.  ^TT■/  CO 
Bn’S.  IS  WDE  LORD  ''  i2.’  ? 
YES.  OVLRFLCN  FAS  OCCJ’FO.  PR 

NOV  GET  DATA  VAJ.UF  CCF;:  BUS 

DELIM  DETITOTED  YET? 
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d!,l,  - ; 


C325:. 

07  4F 

26 

EB 

b:r 

GETVL4 

NO. 

KT’M  iCinilTiG 

BITS 

03300 

07  51 

B5 

0620 

LDA  A 

SIGE’ 

1 LS . 

GET  SIGN 

ADJUST  GIT 

( 

/, 

r  1 

rn 

CM  .-i 

^0 

033.... 

C  /  -  C) 

/ 

L-  0 

GDIVL3 

Sic:: 

C.  \YRM’  cc>:'. 

.  m:  ;:.j  IV 

03330 

075b 

70 

06  IB 

NBG 

^7ALUE 

SIGN 

1.  TAia:  2's  co;iP,  ado  ilt 

03340 

07  5B 

20 

CE 

BRA 

GETVI3 

03350 

07  5D 

39 

GEIVLe 

RTS 

03360 

03370 

03380 

03350 

03400 

03410 

03420 

03430 

03440 

03450 

03460 

03470 

03480 

03490 


'k'k'kickic'kic'k'k'k'kie'k'k-k-k'k'k'k'k'k-k'kic'kic'kick'k'k'kic'k'k'k'k'k'k’kic'k'k’kic-ki.-kic'k'k 

*  EtJD  OF  SUBnaiTmE  CE7\7I7J 

'k'k’k'ki^’k'k'k'k'k'k'kir'k'k'k'k'k'k'k'kicicic'kic'kicic'kick'k'k'k-k-k'k'k'k’kif'k’k'k'^'k'k’ir'kiei: 

* 

* 

*FUNCriON  :  GE'ITIM 

*INPinS  :  BITV1.U  (CURE  BIT  VALUE  FT 'ED  TO) 

*OUTPUTS  ;  r-ELT  (aULRillT  TIfiE  CDUCT) 

*CALLS  :  GETBIT,  ERROR 
*DES'l'ROYS  :  A,X,CC  REGISTERE 

*PL1RP0SE  :  THIS  RCJUTER,  V.,ii;i  G’'LI,LD  /I'TER  3  GEIVLU 


*  RETORI.’S  IRR  VAJAJE  OF 

*  VARIABLE  DEBT. 


TI-!E  RUR  LE.GIR  TI.’R]  CCuETFR  I 


03500 

* 

03510 

★ 

03520 

07  5E 

BD 

07  ED  GETTIM 

JSR 

GET?  IT 

GET  DELIM  BIT 

03530 

0761 

B6 

061F 

LDA 

A 

BIT'/ID 

03540 

0764 

81 

00 

CMR 

A 

#0 

IS  BIT  0? 

03550 

0766 

27 

06 

BEQ 

GETTIl 

YUS.  PROPER  DELIM.  CONTINUE 

03560 

0768  CE 

QSr-A 

ldx 

fiSYNCTI 

NO.  SYNC  EPRCR.  PRINT  &  ERR  0 

03570 

076B  7E 

07F5 

JMR 

ERROR 

03580 

07  6E 

7F 

C51A  GETTIl 

CLR 

BELT 

INSUPR  TUT  GIT  INITIALLY  CLR 

03590 

0771 

% 

07 

LDA 

A 

#7 

INIT  CNT  lOR  7  BIT  TII-D 

03600 

0773 

B7 

06 1C 

STA 

A 

G'lT 

03610 

0776 

ED 

07  ED  GE'iTI2 

JSR 

GETBIT 

GET  DELTA  T  EIT 

03620 

0779 

B6 

C61F 

LDA 

A 

BITVLU 

03630 

07  7C 

BA 

06  lA 

OPA 

A 

DELT 

SET  LSB  BIT  ACCORD  TO  T  BIT 

03640 

077F 

B7 

06  lA 

STA  A 

DELT 

03650 

07  82 

78 

05  lA 

ASL 

DELT 

SHIFT'  DELT  FOR  NiMET  BIT 

03660 

0785 

7A 

06 1C 

DEC 

GET 

DOME  WITH  TIME  \T.T? 

03670 

07  88 

26 

EC 

BNE 

GENTI2 

NO.  KEEF  FETCHEIG  TirL  BITS 

03680 

07  87\  B6 

061 A 

LDA 

A 

DELT 

YES.  GET  Tin:  VALUE 

03690 

07  8D 

26 

06 

BfEE 

GETTI3 

IS  Tin  GIT  0  ? 

03700 

07 8F  CE 

0A3F 

IDX 

^Tir-DPR 

YES.  ERROR.  PENT  MR  MRG 

03710 

0792 

7E 

07F5 

JI4P 

ERROR 

AND  L'PRlxCR  OFF 

03720 

0795 

39 

GETTIl 

RTS 

03730 

★ 

03740 
03750 
03760 
03770 
03780 
03790 
03  800 
03810 
03820 


^i<’k’kici(-k‘k’k'k‘k"k'ki('k'k'k'k'k'k’k’k'k'k'ki(iii'k'k'k'k"i:’k'ki:i.'k'k'^'k-i,i^i:'k'k'k'k‘k'k-k'k-k 

*  END  GETTIM  SUBRa^TirR 


*FUFlCriOR  :  OUTDA 

*INPUT5  :  DATA  V/VRF  10  BE  D/A 'ED  IN  ACC  A 
*OU'I’PUTS  :  VAI_,LD  IN  ACC  A  VIA  D/A  Q!  0 
*CALLS  :  NOIDING 
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DECPI’vS-3 


03B30 

03E-''0 

p  "5  ;  '  p 

031560 

03S70 

03880 

03890 

03900 

03910  0796  36 

03920  0797  B7  06 2C 

03  93  0  07  9A  7F  C62B 

03940  07 9D  78  06 2C 

03950  07 AO  7  9  06  2B 

0396  0  07 A3  78  06 2C 

03  97  0  07 A6  7  9  062B 

03  9  80  07 A9  7  8  06  2C 

03990  07 AC  79  06 2B 

04000  07 M'  78  06 2C 

04010  07r,2  79  0623 

04020  07 B5  FE  06 2B 

0403  0  071)8  FF  E500 

04040  07BB  32 

04050  07r£:  39 

04060 

04070 

04080 

04090 

04100 

04110 

04120 

04130 

04140 

04150 

04160 

04170 

04180 

04190 

04200 

04210 

04220 

04230 

04240  07 ED  7F  06 IF  < 
04250  07C0  FE  0611 
04260  07C3  F6  0613 
04270  07C6  E5  00 
04280  07C8  27  03 
04290  070'^  7C  061F 
04300  07CD  74  0613  ( 
04310  07D0  24  22 
04320  07D2  76  0613 
04330  07D5  08 
04340  07D6  FF  0611 
04350  07D9  F6  0611 
04360  07DC  Cl  80 


*DESTCOYS  :  B,CC 

*R'RPOBE  :  TOTS  Ra’TITT,  a'TPUTS  TT’E  DATO.  TO 

*  Aca:::'iA  aid  d/a  !c;  cr  ■;  v 

*  TRAIvSTISSiOD.  'TOE  8  BIT  VALirE  IE  EEIl'-lTO 

*  TO  FORfl  TEE  12  PIT  OPERAT'D  REOUIRED  BY  ITiE 

*  D/A  (ST6M)0)  . 


PSH  A 

SAVE  VLU  IN  A  ACC 

STA  A 

DAJTLTF+l 

RIT  VALUE  IN  D/A  OUT  BUFF 

CLR 

DABUF 

CLR  rSB  BYTE  OF  D/A  OUT  PLT 

ASL 

DABUF+1 

LEFT'  SHIFT  2  BYTE  D/A  V.ORD 

ROL 

DABUF 

FOR  OC‘NVEPBION  OF  8  PIT 

ASL 

DABUF+l 

Y’ALUE  TO  12  BIT 

ROL 

DABUF 

ASL 

DABUF+1 

RCL 

DABET- 

ASL 

DABUF+1 

RCL 

DABUF 

LDX 

DABUF 

NO-’  rJ3  TOTOEX  V:i'TO  12  BIT  VI 

STX 

DACZRO 

AND  OUTPUT  TO  D/A 

POL  A 
RTS 

RE5RIEV  EI]TY  A  ACC  ETBH 

*  END  SUBRaiTLNE  aiTDA 
**************************************************** 

* 

* 

*FUNCriON  :  GEIEIT 

*INPU'IS  :  BUFPTR,BI'l'PrR  POINTERS 

*OUTPU're  ;  BITVLU,  DONTST  FLAGS 

*CALLS  :NOTO.ING 

•*'DESTRO\'S  :A,CC 

*PURPOSE  ;  TOIS  ROUTD’E  aTl(7<S  TOE  STATE  CF  THE  BIT 

*  POINTED  TO  BY  TOE  nUFPTR,BITFTR  PAIR  AIHD  SETS  ?i!E 

*  THE  BITVXU  FLAG  ACOOPDII'GLY .  THIS  ROITTOE  CiEG' 

*  FOR  END  OF  I'JI^’ORY  Al-D  FORCES  EXIT  OF  RECCNSGvUaTO 

*  RaiTINES  IF  EQl  IS  DETECTED. 

* 


CLR 

BITVr,U 

INSUPB  BIIYT.U  STARTS  RESET 

LDX 

BllFPTR 

GET  IBM  V.'ORD  FCIIiTER 

LDA  B 

EITPTR 

GET  BIT  POINT. IP  D :  G  AT  \<1 

BIT  B 

0,X 

aiECK  IF  BIT 

BEQ 

GDIBIl 

NO  IT  v:as  resf.-  '.  bitotu 

INC 

BITVLU 

YES.  BIT  V:AS  set.  S.'  ■?  BITATU 

LSR 

BITPill 

NQ/  UPPATN  roiNT'EI:S 

BCC 

GETRTS 

ROR 

BITPTR 

nix 

STX 

BUFPTR 

LDA  B 

BUFPTR 

aiECK  FOR  END  OF  M.EOPY 

CMP  B 

#$80 

1% 


dig:;  . 

.'“3 

C4378 

(V/DE  26 

14 

RtEI 

GCIRIS 

NO.  coiTrmvE 

04?  fO 

07 EO  OF 

SEI 

NQ'J  TURN  OFF  INTR  AND  RET 

r  . 

■  1  o;-' 

‘■000 

lO'X 

iS/COO 

l.i.4  if 

i.r-op 

i.-',. 'X 

DACOl'-O 

04410 

07 E7  FE 

061D 

LDX 

VECSAV 

04420 

07  FA  FF 

FFP8 

STX 

IRQV-EC 

04430 

07  ED  7F 

06  2A 

CLR 

DansT 

YFS.  CLR  DONTST  FLAG  AND  RTI 

04440 

07F0  BE 

06  2D 

LDS 

STKSAV 

RETRIEVE  INTR  STACK  PTR 

04450 

07F3  3B 

RTI 

0  4  460 

07F4  39 

GETRTS 

RTS 

0  4470 
04480 
04490 
04500 
04510 
04520 
04530 
04540 
04550 
04560 
04570 
04580 
04590 
04600 
04610 

04620  07F5  BD  G^8F 
04630  07F8  CE  09DF 
04640  07 FB  BD  C^8F 
04650  07FE  ED  CA2C 
0801  OF 
0802  CE  4000 
0805  FF  E500 
0808  FE  061D 
080B  FF  FFF8 
080E  7E  0100 


**************************************************** 

*  END  OF  SUBROUTINE  GETEIT 

'k'k^'kic'k'kic'k’k’k'k’k-k’k-k’k'kicic'k'k’kit'k'k-k'kicicic'k'k'k'kin'k'k-k'k'i.ickic'k'k’k'kic'kit'k 


♦FUNCTION  :  ERROR 

♦INPUIS  ;  I-ESSAGE  SIRHIG  POINTED  EC  BY  INDX  RFC 
♦OUTPU'IS  ;  ERROR  i'ESSAGE  EO  CONSCLE  DEVICE 
♦CALLS  :  OUEi:CR,KEYr-D0,DISPLA 
♦DESTROYS  :  A,B,X,CC 

♦PURPOSE  ;  THIS  ROUTE-IE  PREITS  ERROR  MESSAGFS  UPON 
♦  ERROR  DETECTION  BY  EllE  DECOMPRESSION  RaiTINES. 


ERROR 


04660 
04670 
04680 
04690 
047  0  0 
04710 
04720 
047  3  0 
047  40 
047  50 
04760 
04770 
047  80 
04790 
04  800 
04810 
04  820 
04  830 
04  840 
0  4  850 
04  860 
04870 
04880 
04890 
0  4  900 


JSR 

amccR 

LDX 

SAITYITY 

GET  ANYKEY  M33SSAGE 

JSR 

WTsCR 

PRINT  "TO  CONTINUE  PRESS  tiTi 

JSR 

KEYBDO 

SEI 

m-1  CLR  INTR  OOMDITION 

LDX 

#$4000 

AIJD  RETURN  TO  DISPLAY 

srx 

DACZRO 

LDX 

VECSAV 

RETRIEV  IRQ  VEC  7\DDR 

STX 

IRQVEC 

JMP 

DISPLA 

RETURN  TO  "DISPIAY" 

**★***★*★  ^★★★:fc*****:^***********  Si,- **★****★*******•*  +  * 

♦  E^FI  ERROR  HA^^^DLING  ROUTINE 

★  ****** -Sr  A******-*'*-* 

* 

*  MESSAGE  STRIP:GS 

* 

0811  lAOD  GQISG  FDB  $lA0D,$0?v07 

0815  44  FCC  /DECCMl-RESSION  CJ/IRLAY/ 

082A  OdOA  FDB  S0D0A,$0D0A 

082  E  43  FCC  /aiRRlNT  ai/NNTL  FLAG  IS  / 

0846  0001  aiNASC  RIB  1 

0847  ODOA  FDB  $ODOA,?ODOA 

084B  44  FCC  /DO  YOU  V/ISH  TO  EXEQITE  IRIS  MODULE  ( 

0877  04  PCB  4 

0878  ODOA  GO/^GIN  FDB  $OD0A,$0A07 

0  87C  44  FCC  /DECOMPRESSION  AT®  DISPLAY  COMPL,ETE/ 

089E  ODOA  FDB  $0D0A,$0D0A 

08A2  45  FCC  /ENTER  CONTINUATION  COMT'AND/ 
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0^910 

oac 

ODOA 

FDB 

$ODOA 

04970 

08844 

20 

FCC 

/  X^DISHAY  aiANNEL  X  ON  D-A  04774® 

) 

OnOA 

fi;t% 

SODOA 

.7 

20 

ICC 

/  Y-DiFMAV  Ch/:.:;:®  y  of  d-/,  cii;::;  :: 

04950 

090E 

ODOA 

FDB 

$0D0A 

0  4  960 

0910 

20 

FCC 

/  Z=DISPLAy  OfANNEL  Z  ON  D-A  OiANNE 

0  4  970 

0937 

ODOA 

FDB 

$ODOA,$ODOA 

04980 

093B  41 

FCC 

/ANY  OTHER  KEY  RETL'RNS  OOIITROL  TO  "DI 

04990 

0966 

ODOA 

FDB 

$0D0A,$0D0A 

05000 

096A 

45 

FCC 

/ENTER  COMMWD  Nav=/ 

05010 

097C 

04 

FCB 

4 

05020 

097D 

1A07 

SYN01S  FDB 

$1A07,$0D0A 

05030 

0981 

53 

FCC 

/SYNC  ERROR  DETECTED  BY  TOLAN-A  DECOD 

05040 

09A7 

ODOA 

FDB 

$0D0A 

05050 

09A9 

04 

FCB 

4 

05060 

097\A  1A07 

SYNCTI  FDB 

$1A07,$0D0A 

05070 

09AE 

53 

FCC 

/SYNC  ERROR  DETECTED  BY  / 

05080 

09C5 

54 

FCC 

/TOLAEJ-A  DURIF;G  TI'E  FETOi/ 

05090 

09DC 

04 

FCB 

4 

05100 

09DF 

ODOA 

ANYKEY  FDD 

$0D0A 

05110 

09E1 

54 

FCC 

/TO  CONTINUE  PRESS  MY  KEY/ 

05120 

09FA 

04 

FCB 

4 

05130 

09FB 

1A07 

07FU-1S  FDB 

$1A07,$0D0A 

05140 

09FF 

41 

FCC 

/ACCEL  VALl®  OVERFLO';  DETECTED  BY  TCT. 

05150 

0A2F 

ODOA 

FDB 

$0D0A 

05160 

0/Gl 

20 

FCC 

/  IN  aw®si.  / 

05170 

0A3D 

0001 

OTFLa^  R’B 

1 

05180 

0A3E 

04 

FCB 

4 

05190 

0A3F 

1A07 

TL^ERR  FDB 

$1A07,$0D0A 

05200 

0A43 

54 

FCC 

/TIME  COUNT  ERROR  DETECTED  BY  TCLTN-A 

05210 

0A6F 

ODOA 

FDB 

$0D0A 

05220 

0A71 

54 

FCC 

/TIt-E  G4T  {DELT)=0/ 

05230 

0A82 

04 

FCB 

4 

05240 

* 

05250 

★  ***★********•*:★*********★  :*r  *★**★★*****★★**★*★★*  i' ****  * 

05260 

* 

05270 

*  END  OF 

DECPRS  aERLAY  RaTTIKES 

05280 

* 

05290 

05300 

* 

05310 

END 
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ENTROPY 


r.:::  * 


E’x  !;:;tpc?v  calcit.at'i^:;  ri-rc;' 


0130  REM  * 


0150  REM  * 

0160  REM  *  THIS  PROGRAM  READS  THE  FREQUENCY 
0170  REM  *  OF  OCCURENCE  DATA  IN  MEMORY  FROM  AN 
0180  REM  *  EKG  DATA  COLLECTION  AND  CALCULATES 
0190  REM  *  THE  ENTROPY  OF  THE  X,Y,AMD  Z  DATA 
0200  REM  *  SOURCES.  THE  CALCULATED  ENTROPY  IS 
0210  REM  *  STORED  BACK  IN  THE  MEMORY  FILE  HEADER 
0220  REM  *  IN  ASCII.  THIS  HEADER  CAN  THEN  BE 
0230  REM  *  INSERTED  INTO  THE  DISK  FILE  USING 

0240  REM  *  MINIDOS. 

0250  REM  * 

0260  REM  *************************************** 

0270  REM 

0280  DIM  D(255)  ,N$(8)  ,T{255)  ,M9(6)  ,T$(3) 

0290  STRING=  8 
0291  DIGITS=  4 
0292  T${1)="X" 

0293  T${2)="Y" 

0294  T$(3)="Z" 

0295  LINE=  80 
0296  L7=6 

0297  El=13507 

0313  REM 

0325  REM  ********************************************** 


0326  REM  *  NOW  GET  FILENAME  FROM  MEMORY  &  PRINT  IT 
0327  REM  ********************************************** 
0328  REM 

0330  FOR  1=1  TO  8 

0340  J=13313+I 

0350  N$(I) =CHR$(PEEK(J) ) 

0360  A$=A$+N$(I) 

0370  NEXT  I 
0372  P$=CHR$(12) 

0373  PRINT  P$ 

0374  PRINT 
0375  PRINT 
0376  PRINT 
0377  PRINT 
0378  PRINT 
03  80  PRINT 

0385  PRINT  "EKG  ENTROPY  CALCULATION" 

03  86  PRINT 
03  87  PRINT 

0390  PRINT  "FILENAME . ";A$ 

0400  PRINT 
0401  print 
0402  GOSUB  1696 
0403  GOSUB  1900 

0404  IF  G$  =  "S"  THEN  GO  TO  1120 


ENTROPY 


C410  REM 
0411  REM 
C:I  R; 

0  413  kl:: 

0414  REM 
0415  REM 
0416  REM 
0417  REM 
0  419  REM 
0420  REM 
0421  REM 
0424  REM 
0425  REM 
0426  REM 
0427  REM 
0428  REM 
0429  B=13856 

0430  Cl=l 
0432  N=PEEK (13500) 

0433  POKE(  B,N) 

0435  FOR  1=1  TO  ^55 

0436  T{I)=0 

0437  NEXT  I 

0438  T9=0 

0439  S2=0 

0440  S=0 

0441  REM 

0442  REM  ***********************************************-** 

0443  REM  *  NOW  BEGIN  LOOP  TO  CALC  X,Y,Z  &  TOTAL  ENTROPY 
0444  REM  ************************************************* 

0445  REM 

0450  IF  Cl  <>  1  THEN  GO  TO  480 
0460  K=13567 

0480  IF  Cl  <>  2  THEN  GO  TO  510 
0490  K=14079 

0510  IF  Cl  <>  3  THEN  GO  TO  540 
0520  K=14591 

0540  IF  Cl>=  4  THEN  GO  TO  800 
0542  REM 

0543  REM  ****************************************************** 

0544  REM  *  GET  2  BYTE  PDF  DATA  S  MERGE  INTO  FETING  POINT  NUMBER 
0545  REM  ***************************************************** 
0546  REM 

0550  FOR  1=1  TO  509  STEP  2 
0560  M=(I+l)/2 

0570  D(M) =256*PEEK (I+K) +PEEK (I+K+1) 

0572  T(M) =T(M) +D(M) 

0590  S=DfM)+S 
0592  S2=D(M)+S2 

0600  NEXT  I 

0605  D9=256*PEEK(K+511) +PEEK(K+512) 

0606  S=S+D9 
0607  T9=T9+D9 

0608  S2=S2+D9 


'  Ei=MEM  fil::  ef rTT:;AT:o:i  rcp  aec:t  PFr'  LTr 

*  13856=$3620  ( L,..;)  =Fi./ .“.l;:  i  f:.:;  ;T-'  da'.’a  '  i 

*  13567=34FF  (HEX)=XPDF  BUFPER-1 

*  14079=36FF  (HEX)=YPDF  BUFPER-1 

*  14591=3 8FF  (HEX)=ZPDP  BUFFER-1 

*  13500=34BC  (HEX) =BASSAV.  MEM  BUF  FOR  $3620  DATA  SAVE 


*  NOW  GET  VLU  IN  BASSAV  &  STR  TO  $3620  (HEX) 
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C610  E=^0 

0612  REM 

0613  RLT.  **************************************** t).*^-#**^-*-'***** 
0614  REM  *  NGVi  CALlULATE  PROBABILITY  OP  CCCPRI.MCL  C-l 
0615  REM  *  VLU'S  FROM  NUM  OF  OCCURENCES.  THEM  CALC  ENTROPY  SUM. 
0616  REM  ****************************************************** 
0617  REM 

0620  FOR  1=1  TO  255 

0630  D(1)=D(I)/S 

0640  IF  D(I)=0  THEN  GO  TO  660 

0650  E=E+(D(I) * (-(LOG(D(I) )/.693147) ) ) 

0660  NEXT  I 
0663  D9=D9/S 

0664  IF  D9=0  THEN  GO  TO  666 

0665  E=E+(D9*(-(LOG(D9)/.693147) ) ) 

0666  IF  E=0  THEN  GOTO  672 

0667  C2=8/E 

066  8  GOTO  6  83 

0672  C2=l 

067  3  GOTO  6  80 

0674  REM 

0675  REM  ****************************************************** 

0676  REM  *  PRINT  RESULTS  OF  CALC  TO  TERMINAL  (PRINTER). 

0677  REM  ****************************************************** 

067  8  REM 
06  80  PRINT 

0681  PRINT  "MAXIMUM  COMPRESSION  FOR  CHANNEL  ";T$(C1);"  IS  INFINITE" 
06  82  GOTO  6  90 
06  83  PRINT 

0684  PRINT  "MAX  COMPRESSION  RATIO  FOR  CHA.13NEL  ";T${C1);"  IS  ";C2;" 
0690  PRINT 

0700  PRINT  "EKG  LEAD  ";T$(C1);"  ENTROPY  =  ";E;"  BITS." 

0710  PRINT 
0712  REM 

0713  REM  **************************************************** 

0714  REM  *  NOW  CONVERT  CALCULATED  ENTROPY  TO  ASCII  &  r'T’ORE  BACK 
0715  REM  *  IN  MEMORY  BUFFER 

0716  REM  ********************************************************* 
0717  REM 

0720  LET  E$=STR$(E) 

0740  GOSUB  1750 
07  85  C1=C1+1 

07  90  GOTO  440 
0800  REM 

0  801  REM  ***************************************  ****-^*»********** 
0802  REM  *  WITH  X,Y,Z  ENTROPY  CALCULATED,  NOW  CALCL’.L.'.TE  T03.\L, 

0803  REM  *  COMBINED  ENTROPY  BY  ADDING  X,Y,Z  B^M  COUNTS  &  DIVIDING 
0804  REM  *  BY  TOTAL  SAMPLE  COUNT 

0805  REM  ******************************************************* 

0806  REM 

0807  E5=0 

0810  FOR  1=1  TO  255 

0820  T(I)=T(I)/S2 

0822  IF  T(I)=0  THEN  GO  TO  840 


201 


ENTROPY 


C830  E5=E5+(T(I)*(-{LOG(T(I) )/.693147) ) ) 

0840  NEXT  I 

0cS2  IE  TS-^O  TEEN  CO  '.0  87 1 

0860  E5=E5+(T9*(-(LOG(T9)/.693147) ) ) 

0870  C3  =  8/E5 
0  87  2  REH 

0873  REM  ******************************************************* 

0874  REM  *  PRINT  COMBINED  ENTROPY  TO  TERM  &  STR  RESULT  IN  MEM  BUFFER 
0875  REM  ******************************************************* 

0876  REM 
0880  PRINT 

0890  PRINT  "MAX  COMPRESSION  RATIO  FOR  3  LEAD  EKG  SYSTEM  ";C3;"  :  1" 
0910  PRINT 

0920  PRINT  "3  LEAD  EKG  SOURCE  ENTROPY  =  ";E5;"  BITS." 

0930  PRINT 

0940  LET  E$=STR$(E5) 

0950  GOSUB  1750 
1000  LET  E$=STR${C3) 

1005  GOSUB  1750 
1010  REM 

1020  REM  ********************************************** 

1030  REM  *  NOW  GET  OTHER  STATISTICAL  VARIABLES  & 

1040  REH  *  CALCULATE  CHANNEL  MAX , MIMS , COMPRESSION  RATIO 
1050  REH  *  OBTAINED,  W3D  COMPRESSION  TIME  EFFICIENCY 
1060  REM  ********************************************** 

1070  REH 

1080  REM  ********************************************** 

1082  REM  *  START  WITH  ACHIEVED  COMPRESSION  RATIO.  THEN 

1090  REH  *  PRINT  THE  TIME  COMPRESSION  EFFICIENCY.  THIS  IS 

1091  REM  *  THE  PERCENTAGE  OF  THE  TIME  AVALIABLE  THAT  WAS  USED 

1092  REM  *  TO  COLLECT ,  COMPRESS,  5-  CALCULATE  STAT  \WVRIABLES. 

1100  REM  ********************************************** 

1110  REH 

1120  DIGITS=  4 
1130  L7=6 

1140  M4  =  PEEK (13483) +PEEK ( 13 4 82) *  256 +PREK ( 1 3 4 Bl ) *256*256 

1150  D4  =  PEEK(13487) +PEEK(13486) *  256 +PEEK ( 1 3 4 85) *256*256 

116  0  D4=PEEK (13  4  84) *  256  *  256  *  256 +D4 

1170  C4=D4/H4 

1180  LET  E$=STR$(C4) 

1190  GOSUB  1750 

1200  PRINT 

1201  PRINT  "COMPRESSION  RATIO  ACHIEVED  =  ";C4;"  :  1" 

1210  IF  G$="S"  THEN  GOTO  1260 

1211  REM 

1212  REM  ***********  ■********************************-■  *  ** 

1213  REM  *  CALCULATE  OVERALL  COMPRESSION  EFFICIENCY 

1214  REM  ************************************************* 

1215  REM 

1216  DIGITS^  1 

1217  C6=( (C4-1)/(C3-1) ) *100 

1218  PRINT 

1219  PRINT  "ACHIEVED  COMPRESSION  EFFICIENCY  =  ";C6;"  5" 
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1220  LET  E$=STR$(C6) 

1221  L7=4 
122?  COPUP.  17  50 

1229  REM 

1230  REM  ************************************************ 
1240  REM  *  NOW  CALCULATE  COMPRESSION  TIME  EFFECIENCY 
1250  REM  ********************************************* 

1252  REM 

1260  S4=PEEK(13461) +PEEK(13460)  *256 

1262  L4=PEEK(13462) 

126  4  L5=PEEK (13  45  9) +PEEK (1345  8) *256+PEEK (13457)  *256*256 

1266  L5=PEEK(13456) *256*256*256+L5 

1270  T4=(1-(L5/(L4*S4) ) ) *100 

1272  DIGITS=  1 

1274  L7  =  4 

1276  LET  E$=STR$(T4) 

127  8  GOSUB  1750 
1280  PRINT 

1282  PRINT  "COLLECTION  TIME  EFFICIENCY  =  ";T4;"  %" 

1284  PRINT 

1290  REM 

1291  REM  ************************************************* 

1292  REM  *  CALCULATE  COLLECTION  DURATION 

1293  REM  ************************************************** 

1294  REM 

1295  T6=S4/S8 

1296  PRINT 

1297  PRINT  "COLLECTION  DURATION  =  ";T6;"  SECONDS" 

1298  PRINT  "AT  A  SAMPLE  RATE  OF  ";S8;"  HZ" 

1299  LET  E$=STR$(T6) 

1300  GOSUB  1750 

1301  REM 

1302  REM  *********************************************** 
1310  REM  *  RETRIEVE  DATA  MAX  &  MINS  &  CALC  VOLTS 

1320  REM  ************************************************* 
1330  REM 

1339  DIGITS=  5 

1340  FOR  1=6  TO  1  STEP  -1 

1350  M9(I) =PEEK(13460+I*3) 

1360  IF  M9(I)  >  127  THEN  GOTO  1390 
1370  M9(I) =M9(I) *.0390625 

1380  GOTO  1400 

1390  M9(I) =-(10-M9(I) *.0390625) 

1400  NEXT  I 

1401  El=13408 

1402  FOR  14=5  TO  1  STEP  -2 

1403  LET  E$=STR$(M9(I4) ) 

1404  L7=7 

1405  GOSUB  1750 

1406  13=14+1 

1407  LET  E$=STR$(M9(I3) ) 

1408  GOSUB  1750 

1409  NEXT  14 

1410  REM 
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1420  REM  ************************************************* 

1430  PFM  *  NOW  PRINT  MAX  &  MINS  TO  TERM  (PRINTER) 

]  -•'  ■  ^  pw  ■ :  ******************************-■'■****************** 

1450  REM 
1460  PRINT 

1470  FOR  1=1  TO  6  STEP  2 
1480  PRINT 

1490  PRINT  "CHANNEL  " ;T$ ( ( I+l) /2) ; "  MINIMUM  =  ";M9(7-I);"  VOLTS." 
1500  PRINT 

1510  PRINT  "CHANNEL  " ;T$ ( ( I+l) /2) ; "  MAXIMUM  =  ";M9(6-I);"  VOLTS." 
1520  PRINT 
1530  NEXT  I 
1540  REM 

1550  REM  ************************************************ 

1560  REM  *  FINISH  WITH  A  PRINT  OF  NUM  OP  BITS  USED  TO 
1570  REM  *  STORE  X,Y,Z  IN  MEM  WITH  THIS  COMPRESSION  TYPE 
1580  REM  ************************************************ 

1590  REM 

16  00  X3=PEEK  (13  4  90)  +PEEK  (134  89)  *256+PEEK  ( 1 3  4  88)  *  2 56  * 256 
1610  Y3=PEEK (13  4  93) +PEEK (134  92) * 256 +PEEK ( 1 3 4 91 )  *256*256 
1620  Z3=PEEK (13496) +PEEK (13495) *256+PEEK (13494) *256*256 
1630  T3=PEEK(13499) +PEEK(13498) *256+PEEK (13497) *256*256 

1632  DIGITS=  0 
1640  PRINT 

1650  PRINT  "NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  X  =";X3 
1652  PRINT 

1660  PRINT  "NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  Y  =";Y3 
1662  PRINT 

1670  PRINT  "NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  Z  =";Z3 
1672  PRINT 

1680  PRINT  "NUMBER  OF  BITS  USED  TO  STORE  TIME  =";T3 
1682  PRINT 
16  83  PRINT 
1690  GOTO  2000 
16  91  REM 

1692  REM  ************************************************* 

1693  REM  *  SUB  TO  PRINT  OUT  COMPRESSION  TYPE 

1694  REM  ************************************************* 

1695  REM 

16  96  H=PEEK (13312) *  256 +PEEK (13313) 

1697  IP  H=20035  THEN  nS(l)="NOT  COMP" 

1698  IF  H=20035  THEM  ( 2) ="RESSED  " 

1699  IF  H  =  21569  THEN  H$(l)="TOLAN  A  " 

1700  IF  H=21569  THEN  H$(2)=" 

1701  IF  H=21570  THEN  H$(l)="TOLAN  B  " 

1702  IF  H  =  2157  0  THEN  H$(2)=" 

17  03  IF  H  =  17  4  87  THEN  H$(l)="DOWER  " 

1704  IF  H  =  17  487  THEN  HS(2)=" 

1705  IF  H=21584  THEN  HS ( 1) ="TURNING  " 

1706  IF  H=21584  THEN  H$(2)="POINT  " 

1707  IF  H=18766  THEN  H$(1)="2ND  ORD  " 

1708  IF  H=18766  THEN  H$ ( 2) ="INTERPOL" 

1709  PRINT  "COMPRESSION  USED . " ;H $ ( 1 ) ; H $ ( 2) 

1710  PRINT 
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1711  RETURN 

1  •y  r>  T'  T-'M 

'  -k'k-k'ki.-k'k’k’k’k’k'k'k’i.'}'.  •kii-k'k’k'k'k'k'k  A  •k'i.'k'k'k-k'kie’k'r’k'k’k'k'k 

1732  REM  *  SUBROUTINE  TO  WRITE  ASCII  DATA  I.T  ES  TO  ME:'. 

1733  REM  *  LOCATION  POINTED  TO  BY  El.  WILL  WRITE  8  CHAR 

1734  REM  *  STRINGS  TO  MEMORY. 

1739  REM  *********************************************** 

1740  REM 

1750  FOR  1=1  TO  L7 
1760  F$=MID$(E$,I,L7) 

1770  F=ASC(F$) 

17  80  POKE(  E1,F) 

1781  E1  =  E1+1 
1790  NEXT  I 

1800  PCKE{  El,  4) 

1801  E1=E1+1 
1810  RETURN 
1820  REM 

1830  REM  ********************************************* 

1840  REM  *  SUBROUTINE  TO  PROMPT  COMMAND  FOR  S'iORT  RUN  OR  LONG 
1850  REM  *  RUN.  SHORT  DOES  NOT  CALCULATE  ENTROPY  OR  COMPRESSION 
186  0  REM  *  RATIOS. 

1870  REM  ***********************************v******************** 
1880  REM 
1900  PRINT 

1910  PRINT  "ENTER  S  FOR  SHORT  RUN  (MO  ENTROPY  CALCULATED)" 

1920  PRINT  "ENTER  L  FOR  LONG  RUN  (WITH  ENTROPY  CALCULATED)" 

1930  INPUT  G$ 

1932  PRINT  "ENTER  COLLECTION  SAMPLE  RATE  (IE.  500)" 

1934  INPUT  0$ 

1935  S8=VAL(0$) 

1940  RETURN 
1950  REM 

1960  REM  ************************************************** 

1970  REM  *  END  OF  ENTROPY  CALCULATION  PROGRAM 

1980  REM  *************************************************** 

1990  REM 
2000  PRINT 
2010  PRINT 

2020  PRINT  "ENTROPY  CALCULATION  &  STATISTICS  PRINTOUT  COMPLETE" 
2030  END 
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This  appendix  contains  a  listincj  oi  tiic  data  coi 
by  the  T0LAN-A8  module  for  the  thesis  experiment. 


ipl  c 
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EKG  SAMPLE  COLLECTION  STATISTICS  :  PAGE 
Fir.RMAME . TA13  5  9PA 


Cf  I  I  p  IT' 

».»  ,  *  4  4 

SAMPLING  RATE  .  . 

DATE  OF  COLLECTION 
TIME  OF  COLLECTION 
COMPRESSION  USED. 
CHANNEL  X  ENTROPY 
CHANNEL  Y  ENTROPY 
CHANNEL  Z  ENTROPY 
TOTAL  SOURCE  ENTROPY 


PARrM'-LL 
500  HZ 
23  OCT  80 
1359 
TOLAN-A 
2.4  871 
2.4751 
2.4217 
2.47  96 


BITS 

BITS 

BITS 

BITS 


PRESS  RETURN  FOR  PAGE  2  OF  STATISTICS= 


1 


EKG  SAMPLE  COLLECTION  STATISTICS  :  PAGE  2 
APPROX  MAX  COMPRESSION 


RATIO  POSSIBLE . 

COMPRESSION  RATIO 

ACHIEVED . 

ACHIEVED  COMPRESSION 

EFFICIENCY . 

COMPRESSION  TIME 
EFFICIENCY  OBTAINED  .  .  . 
COLLECTION  DURATION  .  .  . 
CHANNEL  X  MAXIMUM  .  .  .  . 
CHANNEL  X  MINIMUM  .  .  .  . 
CHANNEL  Y  MAXIMUM  .  .  .  . 
CHANNEL  Y  MINIMUM  .  .  .  . 
CHANNEL  Z  MAXIMUM  .  .  .  . 
CHANNEL  Z  MINIMUM  .  .  .  . 

COMMENTS . 

PRESS  RETURN  FOR  PAGE  3  0 


3.2263 

:  1 

2.2595 

:  1 

56.5  % 

OF  MAXIMUM 

77.8  % 

SMP  INTERVAL 

26.2  SECONDS 

2.50000 

VOLTS 

-0.1171 

VOLTS 

2.50000 

VOLTS 

-0.1171 

VOLTS 

2.50000 

VOLTS 

-0.1562 

VOLTS 

X,y,Z  IN 

COMMON  LEAD  1 

STATISTICS= 


EKG  SAMPLE  COLLECTION  STATISTICS:  PAGE  3 
NUMBER  OF  SAMPLES  TAKEN  ( SAMPNO) =  3336  (HEX) 

MAXIMUM  LOOP  COUNT  PER  INTERRUPT  (LPCAL)=--  27  (HEX) 

TOTAL  WAITING  LOOP  COUNTS  DURING  COLLECTION  (LOOPCT)=  0001D9DB  (HEX) 

TIME  EFFICIENCY  =-  ( 1  -  (  LOOPCTL  (  SAMPN0*LPCAL)  )  )  *  1  0  0 

CHANNEL  MAXIMUMS  AND  MINIMUMS 

XMAX=  40  (HEX)  AT  SAMPLE  NUMBER  0DA7  (HEX) 

XMIN=  FD  (HEX)  AT  SAMPLE  NUMBER  0171  (HEX) 

YMAX=  40  (HEX)  AT  SAMPLE  NUMBER  0DA7  (HEX) 

YMIN=  FD  (HEX)  AT  SAMPLE  NUr’.BER  0171  (HEX) 

ZHAX=  40  (f^EX)  AT  SAMPLE  NUMBER  0DA7  (HEX) 

ZMIM=  FC  (HEX.)  AT  SAMPLE  NUMBER  0171  (HEX) 

COMPRESSION  STATISTICS: 

NUMBER  OF  MEMORY  PITS  AVAILABLE  =  021FF0  (HEX) 

NUMBER  OF  BITS  AVAILAIU.E  TO  VAR  LEN  CODER  =  00040000  (HEX) 

TOTAL  NUMBER  OE  DATA  BITS  STORED  =  OOO-ICDIO  (LEX) 

NUMBER  OF  BITS  USED  TO  S'i’ORE  CHANNEL  X  =  006652  (tOB.) 

NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  Y  =  0066A8  (ErX) 

NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  Z  =  006160  (10'.:) 

NUMBER  OF  BITS  USED  TO  STORE  TIME  OR  OTHER  PAX  OX^-'i  00  r-  GICOOO  (HEXl 

COMPRESSION  RATIO  =  TOTAL  DATA  BITS  STORED  EEH  E0:X.  T  1 TS  AVALIABLE 
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file  TM359PA 

^,T  V  Ar'H.T'i'EE'E  fiT  ETFTP.U'^TO^^ 


RO . 

. OOGO 

(LEX) 

R1 . 

. 0000 

(HEX) 

fl? . 

. 0000 

(HEX) 

RR . 

. 0000 

(HEX) 

R4 . 

. 0000 

(HEX) 

Rt^ . 

. 0000 

(HEX) 

Rfi  . 

. 0000 

(HEX) 

R7 . 

. 0000 

(HEX) 

RR . 

. 0000 

(HEX) 

RQ . 

. 0000 

(HEX) 

RA . 

. 0000 

(HEX) 

RR . 

. 0000 

(HEX) 

RP . 

(HEX) 

Rn . 

. 0000 

(HEX) 

RF . 

. 0000 

(HEX) 

RP . 

.  0000 

(HEX) 

qn . 

. 0000 

(HEX) 

qi . 

. 0000 

(HEX) 

Q7 . 

. 0000 

(HEX) 

QR . 

. 0000 

(HEX) 

q4 . 

. OOGO 

(HEX) 

q-S . 

. 0000 

(HEX) 

q6 . 

. 0000 

(HEX) 

q7 . 

. 0000 

(HEX) 

qR . 

. 0000 

(HEX) 

qq . 

. 0000 

(HEX) 

QA . 

. 0000 

(FlCX) 

qR . 

. 0000 

(HEX) 

qr . 

. 0000 

(HEX) 

qn . 

. 0000 

(HEX) 

qp . 

(HEX) 

qp . 

. 0000 

(HEX) 

AO . 

. 0000 

(HEX) 

Al . 

. 0000 

( HEX ) 

A2 . 

. 0000 

(HEX) 

A3 . 

. 0000 

(HEX) 

A4 . 

. 0000 

(HEX) 

A8 . 

. 0000 

(HEX) 

Afi . 

. 0000 

(HEX) 

A7 . 

. 0000 

(HEX) 

A  R . 

. 0000 

(HEX) 

A  ^  -  t  -  -  -  - 

. 0000 

(HEX) 

aa . 

. 0000 

(HEX) 

AR . 

. 0000 

(HEX) 

AC . 

. 0000 

(HEX) 

ad . 

. 0000 

(HEX) 

AP. . 

. 0000 

(HEX) 

AP . 

. 0000 

(”EX) 

RO . 

. 0000 

(HEX) 

Rl  .  .  .  .  • . 

(HEX) 

B2 . 

. 0000 

(HEX) 
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B3 . 0000  (HEX) 

B4 . 0000  (HEX) 

i-;5 . 0000  (rr.x) 

BG . 00  0  0  (1:EX) 

B7 . 0000  (HEX) 

B8 . 0000  (HEX) 

B9 . 0000  (HEX) 

BA . 0000  (HEX) 

BB .  0000  (HEX) 

BC . 0000  (HEX) 

BD .  0000  (HEX) 

BE . 0000  (HEX) 

BE . 0000  (HEX) 

CO . 0000  (HEX) 

Cl . 0000  (HEX) 

C2 . 00  0  0  (HEX) 

C3 . 0000  (HEX) 

C4 . 0000  (H.EX) 

C5 . 0000  (HEX) 

C6 . 0000  (HEX) 

C7 . 0000  (HEX) 

C8 . 0000  (HEX) 

C9 . 0000  (HEX) 

CA . 0000  (HEX) 

CD . 0000  (HEX) 

CC . 0000  (HEX) 

CD . 0000  (HEX) 

CE . ....0000  (HEX) 

CF . 0000  (HEX) 

DO . 0000  (HEX) 

D1 . 0000  (HEX) 

D2 . 0000  (HEX) 

D3 . 0000  (HEX) 

D4 . 0000  (HEX) 

D5 . 0000  (HEX) 

D6 . 0000  (HEX) 

D7 . 0000  (HEX) 

D8 . 0000  (HEX) 

D9 . 0000  (HEX) 

DA . 0000  (HEX) 

DB . 0000  (HEX) 

DC . 0000  (HEX) 

DD . 000  0  (HEX) 

DE .  0000  (HEX) 

DF . 0000  (HEX) 

EO . 0000  (HEX) 

El . 0000  (HEX) 

E2 . 0000  (HEX) 

E3 . 0000  (HEX) 

E4 . 0000  (HEX) 

E5 . 0000  (HEX) 

EG . 0000  (HEX) 

E7 . 0000  (HEX) 

E8 . 0000  (HEX) 
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FO . 

.  0000 

(HEX) 

FA . 

. 0000 

(IB-X) 

FF . 

. (1 0  iH; 

( ;  !  >:  1 

F( . 

. 00  Of. 

(i. 

F.n . 

. 0000 

(HEX) 

FF . 

. 0000 

(HEX) 

F  F . 

.  0000 

(HEX) 

F  n . 

. 0000 

(HEX) 

FI . 

. 0000 

(HEX) 

F  2 . 

. 0001 

(HEX) 

F2 . 

. 0001 

(FiEX) 

F  4 . 

. . , . . .0003 

(HEX) 

F'i . 

. oooc 

(HEX) 

Ffi . 

. 0012 

(HEX) 

F7 . 

. 0016 

(HEX) 

F  R . 

. OOOF 

(HEX) 

F  Q . 

. OOOC 

(HEX) 

FA . 

. OOOE 

(F;EX) 

FR . 

. OOOE 

(HEX) 

FC . 

. OOIB 

(FiEX) 

FD . 

. 004D 

(HEX) 

FE . 

. 0260 

(HEX) 

FF . 

. 0  961 

(HEX) 

00 . 

. 06A2 

(HEX) 

m . 

. 09A6 

(HEX) 

02 . 

. 0  24A 

(HEX) 

03 . 

. 005F 

(HEX) 

04 . 

. 0027 

(HEX) 

05 . 

. 0011 

(HEX) 

06 . 

. 0003 

(HEX) 

07 . 

. 0008 

(HEX) 

08 . 

. 0008 

(HEX) 

09 . 

. 0004 

(F,EX) 

OA . 

.  0001 

(HEX) 

on . 

. 0001 

(HEX) 

oc . 

. 0006 

(FiEX) 

on . 

. 0003 

(F.EX) 

OE . 

.  0003 

(FIEX) 

OF . 

. OOOA 

(HEX) 

10 . 

. 0009 

(HEX) 

11 . 

. 0000 

(HEX) 

12 . 

. 0003 

(HEX) 

13 . 

. 0002 

(HEX) 

14 . 

. 0000 

(HEX) 

15 . 

. 0000 

(HEX) 

16 . 

. 0000 

(HEX) 

17 . 

. 0000 

(FIEX) 

18 . 

. 0000 

(HEX) 

19 . 

. 0000 

(HEX) 

1  A . 

. 0000 

(HEX) 

1  R . 

. 0000 

(HEX) 

1C . 

.  0000 

(HEX) 

ID . 

. 0000 

(HEX) 

IE . 

. 0000 

(HEX) 
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IF . 0000  (HEX) 

20  . UOO''  (HEX) 

21  . 0  000  (i.EX) 

22  . OOCO  (HEM) 

23  . 0000  (HEX) 

24  . 0000  (HEX) 

25  . 0000  (HEX) 

26  . 0000  (HEX) 

27  . 0000  (HEX) 

28  . 0000  (HEX) 

29  . 0000  (HEX) 

2A .  0000  (HEX) 

2B . 0000  (HEX) 

2C .  0000  (HEX) 

2D . 0000  (HEX) 

2E . 0000  (HEX) 

2F . 0  000  (HEX) 

30  . 0000  (HEX) 

31  . 000  0  (F:EX) 

32  . 0000  (HEX) 

33  . 0000  (HEX) 

34  . 0000  (HEX) 

35  . 0000  (HEX) 

36  . 0000  (HEX) 

37  . 0000  (HEX) 

38  . 0000  (HEX) 

39  . 0000  (HEX) 

3A . 0000  (HEX) 

3B . 0000  (HEX) 

3C . 0000  (HEX) 

3D . 0000  (HEX) 

3E . 0000  (HEX) 

3F . 0000  (HEX) 

40  . 0000  (HEX) 

41  . 0000  (HEX) 

42  . 0000  (HEX) 

43  . 0000  (HEX) 

44  . 0000  (HEX) 

45  . 0000  (HEX) 

46  . 0000  (HEX) 

47  . 0000  (HEX) 

48  . 0000  (HEX) 

49  . 0000  (HEX) 

4A . 0000  (HEX) 

4B . 0000  (HEX) 

4C . 0000  (HEX) 

4D . 0000  (HEX) 

4E . 0000  (HEX) 

4F . 0000  (HEX) 

50  . 0000  (HEX) 

51  . 0000  (HEX) 

52  . 0000  (HEX) 

53  . 0000  (HEX) 

54  . 0000  (HEX) 
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55  0000  (r.EX) 

56  *  . 0000  (HEX) 

57]]’ . 0000 

. . 00  CD  {:.EX) 

59  . 0000  (HEX) 

Sh  . 0000  (HEX) 

5B*  . 0000  (HEX) 

sc'  . 0000  (HEX) 

5d’  . 0000  (HEX) 

5E  *  . 0000  (HEX) 

Si'"  . 0000  (HEX) 

60.'! . 0000  (HEX) 

61  . 0000  (HEX) 

62  ’  . 0000  (HEX) 

63.* . 0000  (HEX) 

64  * . 0000  (HEX) 

65*’  . 0000  (HEX) 

ee!! . 0000  (hex) 

67  . 0000  (HEX) 

68  . 0000  (HEX) 

69  . 0000  (HEX) 

6A . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

6F . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

73  . 0000  (HEX) 

74  . 0000  (HEX) 

75  . 0000  (HEX) 

. . 0000  (HEX) 

77  . 0000  (HEX) 

78  . 0000  (HEX) 

79  . 0000  (HEX) 

7A . 0000  (HEX) 

. . 0000  (HEX) 

7C . 0000  (HEX) 

7D  . 0000  (HEX) 

. . 0000  (HEX) 

7F . 0000  (HEX) 
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F.KG  SAr.PLE  COLLL’CTION 

FILENAME . 

SE'’PCCT . 


•  •  •  • 

DATE  OF  COLLECTION.  . 
TIME  OF  COLLECT lOIK  . 
COMPRESSION  USED,  .  . 
CHAI:NEL  X  ENTROPY  .  . 
CHANNEL  Y  ENTROPY  .  . 
CHANNEL  Z  ENTROPY  .  . 
TOTAL  SOURCE  ENTROPY. 
PRESS  RETURN  FOR  PAGE 


STATISTICS  :  PAGE  1 
.  .  TA1413LU 

.  .  LUTZ 

.  .  500  I.’Z 

.  .  23  OCT  80 

.  .  1413 

.  .  TOLAN-A 

.  .  3  .7  826  BITS 

.  .  3.7950  BITS 

.  .  3.814  9  BITS 

.  .  3.8028  BITS 

2  OF  STATISTICS- 


EKG  SAMPLE  COLLECTION  STATISTICS  ;  PAGE  2 
APPROX  MAX  COMPRESSION 


RATIO  POSSIBLE .  2.1  036  :  1 

COMPRESSION  RATIO 

ACHIEVED . 1.2  519  :  1 

ACHIEVED  COMPRESSION 

EFFICIENCY . 22.8  %  OF  MAXIMUM 

COMPRESSION  TIME 

EFFICIENCY  03T7.1EED  ...  95.4  ?•,  SMP  INTERVAL 

COLLECTION  DURATION  .  .  .  14.5  SECONDS 
CHANNEL  X  MAXIMUM  .  .  .  .  1  .7  96  87  VOLTE 
CHANNEL  X  MINI.MUM  ....  -1.0156  VOLTS 
CHANNEL  Y  MAXIMiUM  ....  1  .75781  VOLTS 
CHANNEL  Y  MINIM, UM  ....  -1.0156  VOLE’S 
CH7\NNEL  Z  MAXIM.UM  ....  1  .757  81  VOLTS 
CHANNEL  Z  MINIMUM  ....  -1.0156  VOLTS 
COMMENTS . X,Y,Z  IN  COMMON.  LEAD  1 


PRESS  RETURN  FOR  PAGE  3  OF  STATISTICS- 


EKG  SAMPLE  COLLECTION  STATISTICS:  PAGE  3 
NUMBER  OF  SAMPLES  TAKEN  (SAMPNO)-  1C60  (HEX) 

MAXIMUM  LOOP  COUNT  PER  INTERRUPT  (LPCAL)-  27  (HEX) 

TOTAL  WAITING  LOOP  COUNTS  DURING  COLLECTION  (LOOPCT)=  000031E3  (HEX) 

TIME  EFFICIENCY  =  ( 1- ( LOOPCTT ( SAMPMO*LPCAL) ) ) *  10 0 

CHANNEL  MAXIMUMS  AND  MINIMUMS 

XMAX-  2E  (HEX)  AT  SAMPLE  NUMBER  0E7F  (HEX) 

XMIN=  E6  (HEX)  AT  SAMPLE  NUMBER  11C4  (HEX) 

YMAX=  2D  (HEX)  AT  SAMPLE  NUMBER  0E7F  (HEX) 

yMIN=  E6  (HEX)  AT  SAMPLE  NUMBER  11C4  (HEX) 

ZMAX=  2D  (HEX)  AT  SAMPLE  NUMBER  0E7F  (HEX) 

ZMIN=  E6  (HEX)  AT  SAMPLE  NUMBER  11C4  (HEX) 

COMPRESSION  STATISTICS: 

NUMBER  OF  MEMORY  BITS  AVAILABLE  =  021FF0  (HEX) 

NUMBER  OF  BITS  AVAILABLE  TO  VAR  LEN  CODER  =  n00322''.0  (HEX) 

TOTAL  NUMBER  OF  DATA  BITS  STORED  =  0002A900  (HEX) 

NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  X  =  0C7786  (!'X) 

NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  Y  =  00771-8  (I'  M 

NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  Z  =  0076-^  (H'X) 

NUMBER  OF  BITS  USED  TO  STORE  TIME  OR  OTHER  PAPA!  ’  ".’I  ‘  -  0CCA50  (HH'X) 

COMPRESSION  RATIO  =  TOTAL  DATA  BITS  STORED  PH.R  i.lX'  ;  I'lH  AVALIABLH, 
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file  TA1413L'J 

CHANNEL  X  AMPLITUDE  DISTRIBUTION 

D7,'_A  VAITIF,  VUMI'LR  CF  OCCUFEL'CES 

80  . 0000  (HEX) 

81  . 0000  (HEX) 

82  . 0000  (HEX) 

83  . 0000  (HEX) 

84  . 0000  (HEX) 

85  . 0000  (HEX) 

86  . 0000  (HEX) 

87  . 0000  (HEX) 

88  . 0000  (HEX) 

89  . 0000  (HEX) 

8A . 0000  (HEX) 

8B . 0000  (HEX) 

8C . 0000  (HEX) 

8D . 0000  (HEX) 

8E . 0000  (HEX) 

8F . 0000  (HEX) 

90  . 0000  (HEX) 

91  . 0000  (HEX) 

92  . 0000  (HEX) 

93  . 0000  (HEX) 

94  . 0000  (HEX) 

95  . 0000  (HEX) 

96  . 0000  (HEX) 

97  . 0000  (HEX) 

98  . 0000  (FIEX) 

99  . 0000  (HEX) 

9A . 0000  (HEX) 

9B . 0000  (HEX) 

9C . 0000  (HEX) 

9D . 0000  (HEX) 

9E . 0000  (HEX) 

9F . 0000  (HEX) 

AO . 0000  (HEX) 

A1 . 0000  (HEX) 

A2 . 0000  (HEX) 

A3 . 0000  (HEX) 

A4 . 0000  (HEX) 

A5 . 0000  (HEX) 

A6 . 0000  (HEX) 

A7 . 0000  (HEX) 

A8 . 0000  (HEX) 

A9 . 0000  (HEX) 

AA . 0000  (HEX) 

AB . 0000  (HEX) 

AC . 0000  (HEX) 

AD.., . 0000  (HEX) 

AE . 0000  (HEX) 

AP . 0000  (HEX) 

BO . 0000  (HEX) 

B1 . ,.0000  (HEX) 

B2 . 0000  (HEX) 
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B3 . 

(HEX) 

B4 . 

(HEX) 

P.5 . 

(LEX) 

B6 . 

(HEX) 

B7 . 

(HEX) 

B8 . 

(HEX) 

B9 . 

. 0000 

(HEX) 

BA . 

. 0000 

(HEX) 

BB . 

. 0000 

(HEX) 

BC . 

. 0000 

(HEX) 

BD . 

(HEX) 

BE . 

. 0000 

(HEX) 

DF . 

(HEX) 

CO . 

(HEX) 

Cl . 

(HEX) 

C2 . 

. 0000 

(HEX) 

C3 . 

. 0000 

(HEX) 

C4 . 

. 0000 

(HEX) 

C5 . 

(HEX) 

C6 . 

. 0000 

(HEX) 

C7 . 

. 0000 

(HEX) 

C8 . 

(HEX) 

C9 . 

(HEX) 

CA . 

. 0000 

(HEX) 

CB . 

(HEX) 

CC . 

(HEX) 

CD . 

(HEX) 

CE . 

(HEX) 

CF . 

(HEX) 

DO . 

(HEX) 

D1 . 

(HEX) 

D2 . 

(HEX) 

D3 . 

(HEX) 

D4 . 

(HEX) 

D5 . 

(HEX) 

D6 . 

(HEX) 

D7 . 

. 0000 

(HEX) 

D8 . 

(HEX) 

D9 . 

(HEX) 

DA . 

(HEX) 

DB . 

(HEX) 

DC . 

(HEX) 

DD . 

(HEX) 

DE . 

. 0000 

(HEX) 

DF . 

(HEX) 

EO . 

. 0000 

(HEX) 

El . 

. 0000 

(HEX) 

E2 . 

(HEX) 

E3 . 

(HEX) 

E4 . 

(HEX) 

E5 . 

(HEX) 

E6 . 

(HEX) 

E7 . . 

(HEX) 

E8 . 

(HEX) 
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RQ . 

. 0000 

(BEX) 

'■•'A . 

. 0001 

(HFX) 

. 0  0 

(EKM) 

FC . 

. 0000 

(HEX) 

RD . 

. 0000 

(HEX) 

RR . 

. 0000 

(HEX) 

RR . 

. 0001 

(HEX) 

FO . 

. 0000 

(HEX) 

Rl  . 

. 0000 

(HEX) 

F  9 . 

. 0001 

(HEX) 

F"? . 

. 0006 

(HEX) 

P4 . 

. 0007 

(HEX) 

FS . 

. 0012 

(HEX) 

F6 . 

. 0012 

(HEX) 

F7 . 

. 0022 

(HEX) 

F8 . 

. 0035 

(HEX) 

pq . 

. 0050 

(HEX) 

FA . 

. 0082 

(HEX) 

FR . 

. OOCC 

(HEX) 

PC. . 

. 0136 

(HEX) 

FD . . 

. 01D9 

(HEX) 

FR . 

. 02EF 

(HEX) 

FF . 

. 03D0 

(HEX) 

no . 

. 0164 

(HEX) 

ni . 

. 040A 

(HEX) 

09 . 

. 02BB 

(HEX) 

03 . 

(HEX) 

04 . 

. 0132 

(HEX) 

05 . 

. 00  AD 

(HEX) 

06 . 

. 006B 

(HEX) 

07 . 

. 0058 

(HEX) 

08 . 

. 0041 

(HEX) 

oq . 

. OOIF 

(HEX) 

OA. . .  .  .  . 

. 0015 

(HEX) 

on . 

. 0013 

(HEX) 

oc . 

. OOOC 

(HEX) 

on . 

. OOOA 

(HEX) 

OE . 

. 0002 

(HEX) 

OF . 

. 0002 

(HEX) 

10 . 

. 0000 

(HEX) 

11 . 

. 0000 

(HEX) 

17 . 

. 0001 

(HEX) 

13 . 

. 0000 

(HEX) 

14 . 

. 0000 

(HEX) 

15 . 

. 0000 

(HEX) 

16 . 

. 0000 

(HEX) 

17 . . 

. 0001 

(HEX) 

18 . 

. 0000 

(HEX) 

19 . 

. 0000 

(HEX) 

lA . 

. 0000 

(HEX) 

IB . 

. 0000 

(HEX) 

1  r . 

. 0000 

(iiEX) 

ID . 

. 0000 

(HEX) 

IE . 

. 0000 

(HEX) 
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IF . 0000  (HEX) 

;-’0 . 0'li'O  (; 

21  . ouL.O 

22  . 0000  (HEX) 

23  . 0000  (HEX) 

24  . 0000  (HEX) 

25  . 0000  (HEX) 

26  . 0000  (HEX) 

27  . 0000  (HEX) 

28  . 0000  (HEX) 

29  . 0000  (HEX) 

2A . 0000  (HEX) 

2B . 0000  (HEX) 

2C . 0000  (HEX) 

2D . 0000  (HEX) 

2E . 0000  (HEX) 

2F . 0000  (HEX) 

30  . 0000  (HEX) 

31  . 0000  (HEX) 

32  . 0000  (HEX) 

33  . 0000  (HEX) 

34  . 0000  (HEX) 

35  . 0000  (HEX) 

36  . 0000  (HEX) 

37  . 0000  (HEX) 

38  . 0000  (HEX) 

39  . 0000  (HEX) 

3A . 0000  (HEX) 

3B . 0000  (HEX) 

3C . 0000  (HEX) 

3D . 0000  (HEX) 

3E . 0000  (HEX) 

3F . 0000  (HEX) 

40  . 0000  (HEX) 

41  . 0000  (HEX) 

42  . 0000  (HEX) 

43  . 0000  (HEX) 

44  . 0000  (HEX) 

45  . 0000  (HEX) 

46  . 0000  (HEX) 

47  . 0000  (HEX) 

48  . 0000  (HEX) 

49  . 0000  (HEX) 

4A . 0000  (HEX) 

4B . 0000  (HEX) 

4C . 0900  (HEX) 

4D . 0000  (HEX) 

4E . 0000  (HEX) 

4F . 0000  (HEX) 

50  . 0000  (FiEX) 

51  . 0000  (HEX) 

52  . 0000  (HEX) 

53  . 0000  (HEX) 

54  . 0000  (HEX) 
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55  0000  (HEX) 

5(5] . 0000  (HEX) 

r  7  ’  ’ . 1)000 

5  6.*!!! . 0  00  0  vi.A) 

59  0000  (HEX) 

5A  . 0000  (HEX) 

5B*  . 0000  (HEX) 

5C*  . 0000  (HEX) 

50* . 0000  (HEX) 

5e’ . 0000  (HEX) 

5f‘  0000  (HEX) 

60! . 0000  (HEX) 

61  0000  (HEX) 

62*  . 0000  (HEX) 

63  . 0000  (HEX) 

64*  0000  (HEX) 

65*’  . 0000  (HEX) 

66! . 0000  (HEX) 

67  . 0000  (HEX) 

68  . 0000  (HEX) 

69  . 0000  (HEX) 

6A . 0000  (HEX) 

. . 0000  (HEX) 

6C . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

6P . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

73.. .. . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

77 . 0000  (HEX) 

78.. .., . 0000  (  HEX) 

. . 0000  (HEX) 

7A . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (HEX) 

. . 0000  (EiEX) 

. . 0000  (HEX) 

7F.! . 0000  (HEX) 
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EKG  SAMPLE  COLLECTION 

STATISTICS 

:  PAGE  1 

FTT.FNAMF . 

•  • 

TAl 4  4  8L 

SAIM'LIN'G  RATE  .... 

•  • 

dCC  e;: 

DATE  OF  COLLECTION.  . 

•  • 

23  OCT 

80 

TIME  OF  COLLECTION.  . 

•  • 

1449 

COMPRESSION  USED.  .  . 

•  • 

TOLAN-A 

CHANNEL  X  ENTROPY  .  . 

•  • 

2.9299 

BITS 

CHANNEL  Y  ENTROPY  .  . 

•  • 

2.9243 

BITS 

CHANNEL  Z  ENTROPY  .  . 

•  • 

2.9564 

BITS 

TOTAL  SOURCE  ENTROPY. 

«  • 

2.9436 

BITS 

PRESS  RETURN  FOR  PAGE 

2  OF  STATISTICS= 

EKG  SAMPLE  COLLECTION 

STATISTICS 

:  PAGE  2 

APPROX  MAX  COMPRESSION 
RATIO  POSSIBLE.  .  .  . 

•  • 

2.7176 

:  1 

COMPRESSION  RATIO 
ACHIEVED . 

•  • 

1.6008 

:  1 

ACHIEVED  COMPRESSION 
EFFICIENCY . 

•  • 

34.9  % 

OP  MAXIMUM 

COMPRESSION  TIME 
EFFICIENCY  OBTAINED  . 

«  • 

90.6  % 

SMP  INTERVAL 

COLLECTION  DURATION  . 

«  • 

18.5  SECONDS 

CHANNEL  X  MAXIMUM  .  . 

•  • 

1  .7  96  87 

VOLTS 

CHANNEL  X  MINIMUM  .  . 

•  • 

-0.7421 

VOLTS 

CHAIMIEL  Y  MAXIMUM  .  . 

«  • 

1  .7  96  87 

VOLTS 

CHANNEL  Y  MINIMUM  .  . 

•  • 

-0.7421 

VOLTS 

CHANNEL  Z  MAXIMUM  .  . 

•  • 

1  .7  96  87 

VOLTS 

CHAIiNEL  Z  MINIMUM  .  . 

«  • 

-0.7812 

VOLTS 

COMMENTS . 

•  • 

X,Y,Z  IN  COMMON.  LEAD 

PRESS  RETURN  FOR  PAGE  3  OF  STATISTICS^ 


EKG  SAMPLE  COLLECTION  STATISTICS:  PAGE  3 
NUMBER  OF  SAf.PLES  TAKEN  {GAMPNO)=:  2448  (BEX) 

MAXIMUM  LOOP  COUNT  PER  INTERRUPT  (LPCAL)=  27  (HEX) 

TOTAL  L’AITING  LOOP  COUNTS  DURING  COLLECTION  (LOOPCT)=  G000845C  (HEX) 

TIME  EFFICIENCY  =  ( 1  -  (  I.COPCT';- (  SAMPNO^LPCAL )  )  )  *  1  0 0 

CHANNEL  MAXIMUMS  AND  MININ.UNS 

XMAX=  2E  (HEX)  AT  SAi^PLE  NUMPER  ODOA  (ilEX) 

XMIN=  ED  (FEX)  AT  SAMPLE  NUMBER  IDOA  (HEX) 

YMAX=  2E  (HEX)  AT  SAMPLE  NUMBER  ODOA  (HEX) 

YMIN=  ED  (HEX)  AT  SAMPI.E  NUMBER  IDOA  (!’EX) 

ZMAX=  2E  (HEX)  AT  SAMPLE  NUMBER  ODOA  (HEX) 

ZMIN=  EC  (HEX)  AT  SAMPLE  NUMBER  IDOA  (HEX) 

COMPRESSION  STATISTICS : 

NUMBER  OF  MEMOFPU  BITS  AVAILABLE  =  02'lFrO  (EEX) 

NUMBER  OF  BITS  AVAiLAEiLE  TO  VAR  LEN  CODER  -  000?. A'  (i'EX) 

TOTAL  NUMBER  OF  DATA  BITS  STORED  =  000366C0  (EEX) 


NUMBER 

OF 

H I TS 

USED 

TO  S?’ORE 

CHA!M:EL  X  =  006  9AA  { 

,  SX) 

NUMBER 

OF 

BITS 

USED 

TO  S'-.’C RE 

CHANNEL  Y  =  006 93 E  ( 

:  ?'  ) 

NUMBER 

OP 

BITS 

USED 

TO  S'.ORE 

CHANNEL  Z  -  006739  ( 

i  ■  ::i 

NUMBER 

OF 

E,ITS 

usi;d 

TO  STORE 

TIME  OR  OTilER  rARAE.I" 

'?  i;  - 

0  CEB 9 8  (EEX 

COM PRES 

SION  RATIO  = 

TOTAL  DATA  BITS  STORED  PER  i".!:: 

M  EXT 

S  AVAL] ABLE 
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FILF  TA1448LT 

CHA^3NEL  X  AMPLITUDE  DISTRIBUTION 


. r  0  c'  c 

81 . 

. 0000 

(F;FX) 

82 . 

. 0000 

(BEX) 

83 . 

. 0000 

(FiEX) 

84 . 

. 0000 

(HEX) 

8S . 

. 0000 

(HEX) 

86 . 

. 0000 

(HEX) 

87 . 

. 0000 

(HEX) 

88 . 

. 0000 

(HEX) 

89 . 

. 0000 

(HEX) 

8A . 

. 0000 

(HEX) 

8B . 

. ocoo 

(HEX) 

8C . 

. 0000 

(HEX) 

8n . 

. 0000 

(HEX) 

8E . 

. 0000 

(HEX) 

RP . 

. 0000 

(F.EX) 

90 . 

. 0000 

(HEX) 

91 . 

. 0000 

(HEX) 

92 . 

. 0000 

(HEX) 

93 . 

. 0000 

(HEX) 

94 . 

. 0000 

(HEX) 

95 . 

. 0000 

(HEX) 

96 . 

. 0000 

(HEX) 

97 . 

. 0000 

(HEX) 

98 . 

. 0000 

(HEX) 

99 . 

.  0000 

(HEX) 

9A . 

. 0000 

(HEX) 

qR . 

. 0000 

(FiEX) 

9C . 

. 0000 

(HEX) 

9n . 

.  0000 

(HEX) 

9E . 

.  0000 

(HEX) 

9F . 

. 0000 

(HEX) 

AO . 

. 0000 

(HEX) 

A1 . 

. 0000 

(HEX) 

A2 . 

. 0000 

(HEX) 

A3 . 

. 0000 

(HEX) 

A4 . 

. 0000 

(FIEX) 

AS . 

. 00  0  0 

(HEX) 

A6 . 

. 00  00 

(HEX) 

A7 . 

. 0000 

(HEX) 

A8 . 

. 0000 

(HEX) 

A9 . 

. 0000 

(HEX) 

AA . 

. 0000 

(HEX) 

AB . 

. 0000 

(!!EX) 

AC . 

. 0000 

(HEX) 

AD . 

. 0000 

(HEX) 

AE . 

. 0000 

(  HEX) 

AF . 

. 0000 

(HEX) 

BO . 

. 0000 

(  HEX) 

B1 . 

B2 . 

. 0000 

(HEX) 

(HEX) 
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B3 . 

. . . , . .0000 

(BEX) 

B4 . 

. 0000 

(HEX) 

1  •  •  •  •  •  • 

n  r. ! ' 

l-i) . 

. (itUH, 

(.  ...) 

B7 . 

. 0000 

(HEX) 

B8 . 

. 0000 

(HEX) 

B9 . 

. 0000 

(HEX) 

BA . 

. 0000 

( HEX ) 

BB . 

. 0000 

(HEX) 

BC . 

. 0000 

(HEX) 

BD . 

. 0000 

(HEX) 

BE . 

. 0000 

(HEX) 

BE . 

. 0000 

(HEX) 

CO . 

. 0000 

(HEX) 

Cl . 

. 0000 

(HEX) 

C2 . 

. 0000 

(HEX) 

C3 . 

. 0000 

(HEX) 

C4 . 

. 0000 

( HEX ) 

C5 . 

. 0000 

(HEX) 

C6 . 

. 0000 

(HEX) 

Cl . 

. 0000 

(HEX) 

C8 . 

. 0000 

(HEX) 

C9 . 

. 0000 

(f;ex) 

CA . 

. 0000 

(HEX) 

CB . 

. 0000 

(HEX) 

CC . 

. 0000 

(HEX) 

CD . 

. 0000 

(FiEX) 

CE . 

. 0000 

(ilEX) 

CF . 

. 0000 

(ilEX) 

DO . 

. 0000 

(HEX) 

Dl . 

. 0000 

(HEX) 

D2 . 

. 0000 

(HEX) 

D3 . 

. 0000 

(EiEX) 

D4 . 

. 0000 

(HEX) 

D5 . 

. 0000 

(HEX) 

D6 . 

. 0000 

(HEX) 

D7 . 

. 0000 

(HEX) 

D8 . 

. 0000 

(HEX) 

D9 . 

. 0000 

(HEX) 

DA . 

. 0000 

(i’EX) 

DB . 

. 0000 

(HEX) 

DC . 

. 0000 

(!:ex) 

DD . 

. 0000 

(EiEX) 

DF, . 

. 0000 

(HEX) 

DF . 

. 0000 

(H.EX) 

EO . 

. 0000 

(HEX) 

El . 

. 0000 

(HEX) 

E2 . 

. 0000 

(HEX) 

E3 . 

. 0000 

(FIEX) 

E4 . 

. 0000 

(HEX) 

E5 . 

. 0000 

(I’EX) 

E6 . 

. 0000 

(HEX) 

E7 . 

. 0000 

(HEX) 

E8 . 

. 0000 

(HEX) 
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tP  Q  .  .  »  . 

. . 0000 

(HEX) 

C'  7\  .  .  -  . 

.  .  .0000 

(EiEX) 

r  0  0 

/  -  . '  > 

\ 

-  > 

Tpn  ... 

.  .  .  .0000 

(EiEX) 

W  .  -  . 

.  .  .0000 

(EiEX) 

C'P  ... 

.  .  .0000 

(HEX) 

c*  n  ... 

.  .  .0000 

(HEX) 

c  ... 

.  .  .0000 

(HEX) 

t?  0  ... 

. . .0000 

(HEX) 

.  . 

. . .0000 

(HEX) 

i?  /I  ... 

. . .0000 

(HEX) 

. . .0000 

(HEX) 

TPA  .  -  • 

. . .0002 

(HEX) 

.  .  - 

.  .  .0001 

(HEX) 

.  .  .0003 

(HEX) 

o 

. .  .  .0007 

(HEX) 

.  .  .OOlC 

(f’EX) 

i?n  .  . 

...  .0034 

(HEX) 

. OOSE 

(HEX) 

tprs  -  - 

. 0180 

(HEX) 

t?T? 

. 03F7 

(HEX) 

PP  .  -  . 

.  .  .06A2 

(HEX) 

. 030D 

(HEX) 

01 

02 


,0714 

,03F0 


03.  ; . OlOA 


(HEX) 

(HEX) 

(HEX) 


. . 

OS  . 002A 

Se::: . 

07 . 

08 . 

09 . 

. . 

OB . 

. . 

. . 

. . . 

OF . . 

10 . 

11 . 

12 . 

13  . 

14  . 

15  . 

16  . 

17  . 

18  . 

19 . 

. . 

IB . 

1C . 

ID . 

IF, . 


008A  (HEX) 


,0006 
,0002 
.0002 
.0002 
.0000 
,0000 
.0000 
.  0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
,  .0000 

,  .0000 

,  ,0000 

.  .0000 

.  .0000 

,  .0000 

.  .0000 

.  .0000 


(HEX) 

(HEX) 

(HEX) 

(H.EX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(HEX) 

(liEX) 

(HEX) 

(HEX) 

(EH-X) 

(H.EX) 

(HEX) 
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IF . 

. 0000 

(F:EX) 

?n . 

. finnn 

r  ■ 

( 

22 . 

. 0000 

23.  ....  . 

. 0000 

(HEX) 

24 . 

. 0000 

(HEX) 

25 . 

. 0000 

(FiEX) 

26 . 

. 0000 

(HEX) 

27 . 

. 0000 

(I!EX) 

28 . 

. 0000 

(HEX) 

29 . 

. 0000 

(HEX) 

2A . 

. 0000 

(HEX) 

2B . 

. 0  0  0  0 

(r;EX) 

2C . 

_ _ .0000 

(F;EX) 

2D . 

.  0000 

(HEX) 

9  F, . 

. 0000 

(HEX) 

2F . 

.  0000 

(HEX) 

30 . 

. 0000 

(  HEX) 

31 . 

.  0000 

(HEX) 

32 . 

.  0000 

(ilEX) 

33 . 

.  0000 

(HEX) 

34 . 

. 0000 

(HEX) 

35 . 

. 0000 

(HEX) 

36 . 

. 0000 

(HEX) 

37 . 

. 0000 

(HEX) 

38 . 

. 0000 

(HEX) 

39 . 

. 0000 

(HEX) 

3A . 

. 0000 

(HEX) 

3B . 

. 0000 

(HEX) 

3C . 

. 0000 

(HEX) 

3D . 

. 0000 

(HEX) 

3E . 

. 0000 

(HEX) 

3F . 

. 0000 

(HEX) 

40 . 

. 0000 

(HEX) 

41 . 

. 0000 

(HEX) 

42 . 

. 0000 

(HEX) 

43 . 

. 0000 

(HEX) 

44 . 

. 0000 

(HEX) 

45 . 

. 0000 

(HEX) 

46 . 

. 0000 

( HEX ) 

47 . 

. 0000 

(HEX) 

46 . 

. 0000 

(HEX) 

49 . 

. 0  0  0  0 

(HEX) 

4A . 

(HEX) 

4B . 

. 0000 

(H.EX) 

4C . 

. 0000 

(HEX) 

4D . 

. 0000 

(I!EX) 

4E . 

. 0000 

(HEX) 

4F . 

. 0000 

(H.EX) 

50 . 

. 0000 

(HEX) 

51 . 

. 0  00  0 

(i;ex) 

52 . 

(H.EX) 

53 . 

. 0000 

(HEX) 

54 . 

(HEX) 
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^5 . 0000  (i:ex) 

56  . 0000  (HEX) 

57  . 0000  (EEX) 

^8 . oorc 

59  . OOOC  (EEX) 

5A . 0000  (HEX) 

5B . 0000  (HEX) 

5C . 0000  (HEX) 

5D . OOCO  (HEX) 

. . 0000  (HEX) 

5F . 0000  (HEX) 

60  . 0000  (HEX) 

61  . 0000  (HEX) 

62  . 0000  (HEX) 

63  . 0000  (HEX) 

64  . 0000  (HEX) 

65  . 0000  (H.EX) 

66  . 0000  (HEX) 

67  . COCO  (HEX) 

68  . 0000  (HEX) 

69  . 0000  (HEX) 

6A . 0000  (HEX) 

6B . 0000  (HEX) 

6C .  0000  (HEX) 

6D .  0000  (EEX) 

6E . 0000  (HEX) 

6F . 0000  (HEX) 

70  . 0000  (HEX) 

71  . 0000  (HEX) 

72  . 0000  (HEX) 

73  . 0000  (HEX) 

74  . 0000  (HEX) 

75  . 0000  (HEX) 

76  . 0000  uiEX; 

77  . 0000  (HEX) 

78  . 0000  (HEX) 

79  . 0000  (HEX) 

7A . 0000  (HEX) 

7B . 0000  (HiEX) 

7C . 0000  (HEX) 

7D . 0000  (HEX) 

7E . 0000  (HEX) 

7F . 0000  (HEX) 
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EKG  SAMPLE  COLLECTION 

STATISTICS 

:  PACE 

FILENAME . 

b/ I'L  i  i'- C  K/\Tr,  •  •  •  • 

•  • 

TA1545T 

•  « 

•  • 

50(J 

DATE  OF  COLLECTION.  . 

•  • 

23  OCT 

80 

TIME  OF  COLLECTION.  . 

•  • 

1546 

COMPRESSION  USED.  .  . 

•  • 

TOLAN-A 

CHAI3NEL  X  ENTROPY  .  , 

•  • 

3 .2801 

BITS 

CHANNEL  Y  ENTROPY  .  . 

•  • 

3 .2716 

BITS 

CHANNEL  Z  ENTROPY  .  . 

•  • 

3.3188 

BITS 

TOTAL  SOURCE  ENTROPY. 

•  • 

3.3026 

BITS 

PRESS  RETURN  FOR  PAGE  2  OP  STATISTICS= 

EKG  SA.nPLE  COLLECTION  STATISTICS  :  PAGE  2 
APPROX  MAX  COriPRESSION 


RATIO  POSSIBLE.  .  .  . 

COMPRESSION  RATIO 

• 

2.4223 

:  1 

ACHIEVH.D . 

AC3JIEVED  COMPRESSION 

« 

• 

1  .3617 

:  1 

EFFICIENCY . 

COMPRESSION  TIME 

• 

• 

25.4  % 

OF  MAXIMUM 

EFFICIENCY  OBTAINED  . 

« 

93.9  % 

SHP  INTERVAL 

COLLECTION  DURATION  . 

« 

• 

15.8  SECONDS 

CHANNEL  X  MAXIMUM  .  . 

• 

3 .59375 

VOLTS 

CHANNEL  X  MINIMUM  .  . 

• 

• 

-1.4453 

VOLTS 

CHANNEL  y  MAXIMUM  .  . 

• 

« 

3 .59375 

VOLTS 

CH/\NNEL  Y  MINIMUM  .  . 

• 

-1.4453 

VOLTS 

CHANNEL  Z  MAXIMUii  .  . 

• 

• 

3.5546  8 

VOLTS 

CHWINEL  Z  MINIMUM  .  . 

• 

• 

-1.4453 

VOLTS 

COMMENTS . 

« 

• 

X,Y,Z, 

IN  COMMON,  LEAD 

PRESS  RETURN  FOR  PAGE 

3 

OP 

STATISTICS= 

EKG  SAMPLE  COLLECTION  STATISTICS:  PAGE  3 
NUMBER  OF  SAMPLES  TAKEN  ( SAM.PMO)  =  lEDD  (HEX) 

MAXIMUM  LOOP  COUNT  PER  INTERRUPT  (LPCAL)=  26  (HEX) 

TOTAL  WAITING  LOOP  COUNTS  DURING  COLLECTION  (LOOPCT)=  0000470E  (HEX) 

TIME  EFFICIENCY  =  ( 1- ( LOOPCTT ( SAMPMO*LPCAL ) ) ) *1 00 

CHAIR'IEL  MAXIMUNiS  AND  MINIMUriS 

XMAX=  5C  (REX)  AT  SAMPLE  NUMBER  03DD  (REX) 

XMIN=  DB  (FEX)  AT  SAMPLE  NUMBER  145D  (HEX) 

YMAX=  5C  (HEX)  AT  SAMPLE  NUMBER  03DD  (INIX) 

YMINrr  DB  (HEX)  AT  SAMPLE  NUI'.BER  1 4  5D  (HEX) 

ZMAX=  5B  (HEX)  AT  SAMPLE  NUMBER  03DD  (HEX) 

ZMIN=^  DB  (HEX)  AT  SAMPLE  NUMBER  145D  (HEX) 

COMPRESSION  STATISTICS : 

NUMBER  OF  MEMORY  P.ITS  AVAILABLF  =  021FF0  (HEX) 

NUMBER  OF  BITS  AVAiLABLE  TO  VAR  r.EN  CODER  =  OOOi.'T  'i!  (Hl’X) 

TOTAL  NUMBER  OF  DATA  BITS  STORED  =  0n02E4B8  (i':i:X) 

NUMBER  OF  BITS  U5FD  TO  SI'CRR  CHANNEL  X  =  OOIIDP  (!  ::::) 

NUMBER  OF  BITS  USED  TO  STORE  CHANNEl.  Y  =  007  199  (;  IW;) 

NUMBER  OF  BITS  USED  TO  STORE  CHANr3EL  Z  -  007013  (‘  X) 

NUMBER  OF  BITS  USED  TO  STORE  TTF'E  OR  OTHIN-;  PARAilHTI  !;  =  00D220  (HEX) 

COMPRESSION  RATIO  =  TOTAL  DATA  BITS  STORED  PER  MiHM  B I  IS  AVALIABLE 


225 


EKG  SAMPLE  COELEC'J' lO:: 

STATISTICS  : 

I  Avj  i 

FILENAME . 

• 

.  TA154BT 

S . La..L.  L.".L; . 

*  ... 

DATE  OF  COLLECTION.  . 

.  23  OCT  60 

TIME  OF  COLLECTION.  . 

.  1548 

COMPRESSION  USED.  .  . 

.  TOE AN -A 

CHANNEL  X  EL'TROPY  .  . 

.  3.0171 

BITS 

CHANNEL  Y  ENTROPY  .  . 

.  3.0114 

BITS 

CHANNEL  Z  ENTROPY  .  . 

.  3.0373 

BITS 

TOTAL  SOURCE  ENTROPY. 

.  3.0355 

BITS 

PRESS  RETURN  FOR  PAGE 

2 

OF  STATISTICS= 

1 


EKG  SAMPLE  COLLECTION  STATISTICS  :  PAGE  2 
APPROX  MAX  COMPRESSION 


RATIO  POSSIBLE . 2.6354  :1 

COMPRESSION  RATIO 

ACHIEVED .  1.4998  :  1 

ACH I  EV!T)  COM  PR  I  SS  ION 

EFFICIENCY . 3  0.5  %  OF  MAXIMUM 

COMPRESSION  TIME 

EFFICIENCY  OBTAINED  ...  91 . 4  5  SMP  INTERVAL 

COLLECTION  DURATION  ,  .  .  17.4  SECONDS 

CHANNEL  X  MAXIMUM  .  .  .  .  2.77343  VOLTS 

CHANNEL  X  MINIMUM  ....  -1.3671  VOLTS 

CHANNEL  Y  MAXIMUM  ....  2  .73437  VOI,TS 

CHANNEL  y  MINIMUM  ....  -1.3671  VOLTS 

CHANNEL  Z  MAXIMUM  ....  2.73437  VOLTS 

CHANNEL  Z  MINIMUM  ....  -1.3671  VOI/J'S 

COMMENTS . X,Y,Z  IN  COMtiON,  LEAD  AVL 


PRESS  RETURN  FOR  PAGE  3  OF  STATISTICS^ 

EKG  SAMPLE  COLLECTION  STA>TISTICS:  PAGE  3 
NUMBER  OF  SAMPLES  TA\KEN  (SAMPI!0)=  21FE  (I-EX) 

MAXIMUM  'LOOP  COUNT  PER  INTERRUI'T  (LPCAL)=  27  (HEX) 

TOTAL  WAITING  LOOP  'COUNTS  DURING  COLLECTION  (LOOPCT)-=  00007134  (HEX) 

TIME  EFFICIENCY  =  ( 1  -  (  LOOPCTL  (  SAMF::0*LPCAL )  )  ) '^  1  0 0 

CHANNEL  MAXIMUMS  AND  MINIM.UM.S 

XMAX-  47  (HEX)  AT  SA.r'.PLE  NUMBER  0A5E  (FEX) 

XMIN=  DD  (HEX)  AT  SAMPLE  NUM.BER  1447  (ItEX) 

YMAX=  46  (HEX)  AT  SAMPLE  NUNHiER  095A  (REX) 

YMIN=  DD  (HEX)  AT  SAN.PLE  NUMBER  1447  (!iEX) 

ZMAX=  46  (he:;)  AT  SAMPLE  NUMBER  0‘''5A  (HEX) 

ZMIM=  DD  (HEX)  AT  SAMPLE  NUMBER  1447  (EEX) 

COMPRESSION  S'PATISTICS  : 

NUMBER  OF  MEMORY  BITS  AVAILABLE  =  021 FPO  (I'EX) 

NUMBER  OF  BITS  AVAIi.ABLE  TO  VAR  LFN  CODFR  =  P003fv'  r  (IHX) 

TOTAL  NUMBER  OF  DATA  I5ITS  STORl'.D  =  OOOPPFDO  (I’!;.’;) 

NUMBER  OF  BITS  USED  TO  STORE  CTfA';r:EL  X  OOGE’EE  C  Y) 

NUMBER  OF  BITS  USED  TO  STORE  CUAN:;EE  Y  =  0061:^0  ('  '0 

NUMBER  OF  BITS  USFD  'J'O  STOIU:  CHA?;::FL  Z  -  OOr.PM:  (!'  ■;) 

NUMBER  OF  BITS  USF:D  TO  STORE  TIME  OR  0''1IFR  HA!:a:  .1  ' 'i  =  00DB4  8  (HEX) 

COMPRESSION  RATIO  TuTAL  DATA  P,ITS  STORED  PER  :u::;  r^lTS  AV  ALT  ABLE 
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1  ^ ^ 
pit; 


COLLL'CTIOrJ 


I'ATlETICr  : 
.  TA1^,')9B 


rAGi:  1 


f 


lii.-Lr  k'w  i  j.  i.  «  •  •  • 

DATh  OF  COLLKCTIOM.  . 
TIME  OF  COLLECTION.  . 
COMPRESSION  USED.  .  . 

CHArilJEL  X  ENTROPY  .  . 

Ci!A.NNEL  Y  EN'i'KOPY  .  . 

CHANNEL  7,  F.NTROPY  .  . 

TOTAL  SOURCE  F!;TR0PY. 
PRESS  RETURN  FOR  PAGE 


.  .  LOO  1!7 

.  .  23  OCT  80 

.  .  1559 

.  .  TOLAL’-A 

.  .  3.0165  BITS 

.  .  3.0038  BITS 

.  .  3.0261  BITS 

.  .  3.0233  BITS 

2  OF  STATISTICS^ 


EKG  SAMPI.r  COr,r,FCT10N  STATISTICS  :  PAGE  2 
APPROX  I:AX  COM.PRLSSION 


}'  RATIO  POSSIBLE.  .  . 

2.6460  :  1 

Ij  COflPRESSION  RATIO 

j  ACHIEVED . 

• 

1  .5280  :  1 

i  ACHIEVED  COMiPRESSIO: 

'  EFFICIENCY . 

• 

• 

3  2.0  %  OF  MAXI  MU  Ml 

:  COMPRESSION’  TIME 

I  EFFICIENCY  OIV.'AIXFD 

« 

• 

93.0  %  SMP  I’'’TERVAL 

i  COLLECTION  DURATION' 

• 

• 

17.7  seco!:ds 

CHANNEL  X  MAXIMUM  . 

• 

* 

2.92968  VOI/XS 

1  CHANNEL  X  MINIMUM  . 

• 

♦ 

0.1  9531  \'GL'.’S 

CHANNEL  y  MAXIMUM  . 

« 

2.F3  906  2  VOLTS 

CHANNEL  Y  MINIMUM  . 

• 

0.1  9531  VOLE'S 

CHANNEL  Z  MAXIMUM  . 

• 

2.89062  VOL'/S 

CHANNEL  Z  MINIMUM  . 

• 

« 

0.15625  VOLTS 

COMMENTS . 

• 

X,Y,Z  IN  COMX’.ON,  LEAD 

PRESS  RETURN  FOR  PAGE 

3 

OF 

STATISTICS= 

EKG  SAt'PLE  COLLECTION  STATISTICS:  PAGE  3 
NUMBER  OF  SAMPLES  TAL.EN  (SA::PNO)t^  22A2  (LEX) 

MAXIMUM  LOOP  COUNT  PER  INTERRUPT  (LPCAL)--  26  (LEX) 

TOTAL  WAITING  LOOP  COUNTS  DURi:iG  COLLECTION  (LOOPCT)=  00005B1E  (HEX) 
TIME  EFFICIENCY  -  ( 1 - ( LOOPCTP ( SAMPNO*LPCAL) )  ) *  1 00 


CHANNEL  MAXIMUnS  AND  MIMIMUMS 
XMAX=  4B  (HEX)  AT  SAill-U:  HX-.ELR  1FA2  (HEX) 

XHIM=  05  (E.EX)  AT  SAMPLE  NUMBER  OOBD  (I'EX) 

YMAX=  4A  (HEX)  AT  SAMPLE  NUMIN'.R  ]  FA2  (LEX) 

YMIN=  05  (HEX)  AT  SAMPLE  NUMHLR  005C  (i:!;X) 

ZMAX=  4A  (EEX)  AT  SAMPLE  NUM[-'F,R  ifA2  (HEX) 

ZMIN=  04  (HEX)  AT  SA?';PLE  NUMBER  03D5  (!-EX) 

COMPRESSION  STATISTICS : 


NUMBER  OF  ME’ 
NUMBER  OF  BI'; 
TOTAL  NUMBER 


NUMBER 
NUMBER 
NUMBER 
NUMBER 
COM  PR  El 


OF 

OF 

OF 

OF 


:onY  r.]Ts  availabl!’  =  npirro  (fh'X) 

'S  AVAILABLF  to  VAR  LF"  COI'I  r  =  0  0P3A7r0 
OF  DATA  BITS  STORED  --  P0333r30  (LEX) 


(HEX) 


n  T  TS 
BITS 
n  I  TS 
BITS 


USED 

USFD 

USED 

USF.n 


TO 

I'O 

TO 

TO 


STORE, 

STORi' 

STORE 


CF’ANNEL  X  -  OOGPLS  (HEX) 
CTiALNF.L  Y  =  00  A /'.CO  (Ll'X) 
CIL''N’NEL  7,  =  006  857  (HEX) 
I’lME  OR  OTHER  RAIL’'. NE'l’!- R 


SION  RATIO 


TOTAL  DATA  I’.ITS  STORED  PER 


;1TS 


OOLPLO  (PEX) 
AVALIABIX; 
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:EKG  SA::PLE  collection  statistics  :  PAGL 


p  T  T  r V  A  ?.i  V’ 

>•  •  •  •  • 


SAi'iPLING  KATE  .  .  .  . 
DATE  OF  COLLECTION.  . 
TIME  OF  COLLECTION.  . 
COMPRESSION  USED.  .  . 
CHANNEL  X  ENTROPY  .  . 
CI1AI3NEL  Y  ENTROPY  .  . 
CHANNEL  Z  ENTROPY  .  . 
TOTAL  SOURCE  EM-TROPY. 
PRESS  RETURN  FOR  PAGE 


.  TAISIIS 


.  .  :jO0  ;iL 

.  .  1511 

.  .  1511 

.  .  TOLAN-A 

.  .  3.3255  BITS 

.  .  3.3341  BITS 

.  .  3  .3560  BITS 

.  .  3.3457  BITS 

2  OF  STAT1STICS= 


1 


EKG  SAMPLE  COLLECTION  STATISTICS  :  PAGE  2 
APPROX  MAX  COMPRESSION 


RATIO  POSSIBLE . 2.3911  :  1 

COMPRESSION  RATIO 

ACHIEVED . 1.4319  :  1 

ACHIEVED  COMPRESSION 

EFFICIENCY . 31.0  %  OF  MAXIMUM 

COMPRESSION  TIME 

EFFICIENCY  OBTAINED  ...  94.0  %  SMP  INTERVAL 

COLLECTION  DURATION  .  .  .  16.6  SECONDS 

CHAIJNEL  X  MAXIMUM  .  .  .  .  1.32812  VOLTS 

CHANNEL  X  MINIMUM  ....  -2.0703  VOLTS 

CHANNEL  Y  MAXIMUM  .  .  .  .  1.32812  VOLTS 

CHANNEL  y  MINIMUI!  ....  -2.0703  VOLT'S 

CHANNEL  Z  MAXIMUM  ....  1.32812  VOLTS 

CHANNEL  Z  MINIMUM  ....  -2.0703  VOLTS 

COMMENTS . X,Y,Z  IN  COMriON.  LEAD  AVL 


PRESS  RETURN  FOR  PAGE  3  OF  STATISTICS^ 

EKG  SAMPLE  COLLECTION  STATISTICS:  P/AGE  3 
NUMBER  OF  SAMPLES  TAKEN  (SA’iP:]0)=  207.'!  (HEX) 

MAXIMUM  LOOP  COUNT  PER  INTI:RRUPT  (LPCAL)=  27  (EEX'i 

TOTAL  WAITING  LOOP  COUNTS  DURING  COLLECTION  (LUOPCT)-.^  00004ADC  (HEX) 

TIME  EFFICIENCY  =  ( 1  -  (  LCOPCT!  ( SAr'.PNO*LPCAL )  )  )  *  1  C 0 

CHANNEL  MAXIMUMS  AND  MIMIMUMS 

XMAX=  22  (HEX)  AT  SAMPLE  NUMBER  1171  (HEX) 

XMIN=  CB  (HEX)  AT  SAMPLE  NUMBER  021D  (EEX) 

YHAX=  22  (HEX)  AT  SAEiPLE  NlEi.RER  1423  (EFX) 

YMIM=  CB  (HEX)  AT  SAMPLE  NUMBER  021D  (i;KX) 

ZMAX=  22  (HEX)  AT  SAMPLE  NUMBER  1423  (I!EE) 

ZMIN=  CB  (HEX)  AT  SAr'.PLE  NUMBER  00E8  (HEX) 

COMPRESSION  STATIST] CS : 

NUMBER  OF  NiEIlORV  BITS  AVAILABLE  =  021Fr0  (lU-X) 

NUMBER  OF  BITS  AVAILABLE  TO  VAR  LEN  CODER  =  0003  EO  :  (i^'.X) 

TOTAL  NUMBER  OF  DATA  BITS  SI'CRCD  =  OOOiU'AEO  (BEX) 

NUMBER  OF  BITS  USED  TO  STORE  CHA.r.'NKL  .X  -  007  17 A  (.'X  ) 

NUMBER  OF  BITS  USIID  TO  STOi'F,  CHAMN’EL  V  ^  007 13P  (!  ::] 

NUMBER  OF  BITS  USED  TO  STORi:  CHANNEL  ",  -  OOGi  27  (i'  M 

NUMBER  OF  BITS  USED  TO  STORE  Tl'N-.  OR  OTiN'.R  rAN',:''E'M  ‘  001  POO  (HEX) 

COMPRESSION  RATIO  =  TOTAL  DATA  BITS  STORV'D  Bi;R  M.U.N,  M'l::  AVALIAIU.!; 
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EKG  SAMPLE  COLLECTION 

FILEr:AME . 

r'.'MLCT . 

SAt:PLlLG  EA'I’i;  .  ,  .  . 

DATE  OF  COLLECTION.  . 
TINE  OF  COLLECTION.  . 
COMPRESSION  NSEC.  .  . 

CHANNEL  X  ElPrROl'Y  .  . 

chai:nrl  y  entropy  .  . 

CII/'I'JNEL  7,  ENTROPY  .  . 

total  source  entropy. 

PRESS  RETURN  FOR  PAGE 


statistics  :  PAGE  1 
.  .  TA15P0B 
.  .  nALS/N,0 
.  .  500  1!Z 
.  .  23  OCT  80 
.  .  1520 
.  .  TOLAN-A 
.  .  2.6012  BITS 
.  .  2.5  80  8  BITS 
.  .  2.6229  BITS 
.  .  2.6104  BITS 
2  OF  STATISTJCS= 


EKG  SAMPLE  COLLECTION  STATISTICS  :  PAGE  2 
APPROX  MAX  COMPRESSION 

RATIO  POSSIBLE .  3.0645  :  1 

COMPRESSION  RATIO 

ACFTEY'ED .  1  .7  2  47  :  1 

ACn I EVE D  COM  PR E  S  S I ON 

EFFICIENCY . 35.1  %  OF  MAXIMUM 

COMPRESSION  TIME 

EFFICIENCY  OBTAINED  ...  90.9  SHP  INTERVAL 
COLLECTION  DURATION  .  .  .  20.0  SECONDS 
CHANNEL  X  MAXIMUM  .  .  .  .  2.C7031  VOLTS 
CHANNEL  X  MINIMUM  .  .  .  .  -0.5468  VOLTS 
CHANNEL  Y  MAXIMUM  ....  2.07031  VOLTS 
CH7iNNEL  Y  MINIMA.;',  .  .  .  .  -0.5468  VCLTS 
CHANNEL  L  MAXIMUM  ....  2.07031  VCLTS 
CHANNEL  Z  MINIMUM  ....  -0.5468  VOLTS 

COMMENTS . X,Y,Z  IN  COMMON.  LEA  D  2 

PRESS  RETURN  FOR  PAGE  3  OF  STAT1STICS= 


EKG  SAMPLE  COLLECTION  STATISTICS:  PAGE  3 
NUMBER  OF  SAMPLES  TAKEN  (SAr;MMO)=^  2717  (?;EX) 

MAXIMUM  LOOP  COUNT  PER  INTERP.nrf  (LPCAL)^  27  (HEX) 

TOTAL  WAITING  LOOP  COUM-TS  DUPIMG  COLLECTION  (LOOPCT)=^  0000SA6D  (HEX) 

TIME  EFFICIENCY  =  ( 1  -  {  LOOPCT'  ( .SAM?NO*LPCAL )  )  ) '^  1 C 0 

CHANNEL  MAXIMUMS  AMD  riTNIMUMS 

XMAX=  35  (F.EX)  AT  SAMPLE  I'.'UMBER  1F9E  (FFX) 

XMIN=  F2  (HF.X)  AT  SAMPLE  NUM.P.ER  0AG3  (HEX) 

YMAX=  35  (HEX)  AT  SAMPLE  KUMFCliP  1F9E  (F.FX) 

YMIN=  F2  (flEX)  AT  SAMPLE  ?:L'MB):;:  (HEX) 

ZMAX=  3  5  (HEX)  AT  SAMP[,E  NUMiBER  1F9E  (HEX) 

ZMIN=  F2  (HEX)  AT  SAMPLE  NUMBER  0  540  (F!EX) 

COMPRESSION  S  T  A  'I' T  f  5'  ICS: 

NUMBf.'R  OF  MEMORY  JMTS  AVAILAFI.E  ^  OTIFEO  C  EX) 

NUMBER  OF  BITS  AVAILABLi:  TO  VAR  J,PF  COi)rR  =-  000'!  (0  (FIX) 

TOTAL  NUMBER  OF  DATA  BITS  S'^ORED  =  00r\'.,G;8 

NUMBER  OF  BITS  USED  TO  STORE  ClIAIiNEl,  N  --  000,0, 1-.;;  r  .) 

NUMBER  OF  BITS  U.SND  TO  .STORE  CHAr’.NIM,  Y  =  000066  C,  :, 

NUMF5[;R  OF  BITS  ITM;D  I'O  store  Cl’A'.IMM,  7  -  000  ocr  n  p 

NUMBER  OF  FITS  USI.D  TO  SO’OR!:  ';’IME  OB  O'i'-'i'E  ^  ('OEOYO  (;TX) 

CGr'Pj;ESSiOM  ratio  =  toT/M,  data  bits  s'ii'.iMi,  .y  avai.iapi.e 
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EKG  SAflPLE  COLLECTION 

FlLENAtiE . 

sri'.jLCv . 

LALTLir  c;  LATE  .  .  .  . 
DATE  OF  COLLECTION.  . 
TIME  OF  COLLECTION.  . 
COMPRESSION  USED.  .  . 
CHANNEL  X  ENTROPY  .  . 

CHAIJNEL  Y  ENTROPY  .  . 
CHAI:NEL  2  ENTROPY  .  . 
TOTAL  SOURCE  ENTROPY. 
PRESS  RETURN  FOR  PAGE 


STATISTICS  :  PAGE  1 
.  .  TA1439ST 

.  .  STROUP 

.  .  500  112 

.  .  23  OCT  80 

.  .  143  9 

.  .  TOLAN-A 

.  .  3.2669  BITS 

.  .  3.2756  BITS 

.  .  3.3094  BITS 

.  .  3.2912  BITS 

:  OF  STATISTICS- 


EKG  SAMPLE  COLLECTION  STATISTICS  :  PAGE  2 
APPROX  MAX  COMPRESSION 


RATIO  POSSIBLE .  2.43  07  :  1 

COMPRESSION  RATIO 

ACHIEVED . 1.4314  :  1 

ACHIEVED  COMPRESSION 

EFFICIENCY . 3  0.1  %  OF  MAXIMUM 

COMPRESSION  TIME 

EFFICIENCY  OBTAINED  ...  93 . 4  %  SMP  INTERVAL 

COLLECTION  DURATION  .  .  .  16.6  SECONDS 
CHANNEL  X  MAXIMUM  ....  3.35937  VOLTS 
CHANNEL  X  MINIMUM  .  .  .  .  -0.5468  VOLTS 
CHANNEL  Y  MAXIMUM  ....  3  .35937  VOI,TS 
CHANNEL  Y  MINIMUM  ....  -0.5468  VOLTS 
CHANNEL  Z  MAXIMUM  ....  3.35937  VOLTS 
CHANNEL  Z  MINIMUM  ....  -0.5859  VOLTS 
COMMENTS . X,Y,Z  IN  COMMON.  LEAD  1 


PRESS  RETURN  FOR  PAGE  3  OF  STATISTICS= 


EKG  SAMPLE  COLLECTION  STATISTICS:  PAGE  3 
NUMBER  OF  SAMPLES  TAKEN  (SAMPNO)=  2071  (HEX) 

MAXIMUM  LOOP  COUNT  PER  INTERRUPT  (LPCAL)=  27  (FLX) 

TOTAL  ViAITING  LOOP  COUNTS  DURING  COLLECTION  (LOOPCT)=  0000526C  (HEX) 

TIME  EFFICIENCY  -  ( 1  -  (  LOOPCTE  (  SAMPr!0*LPCAL )  )  )  *  1 0  0 

CHANNEL  MAXIMUMS  AND  MIMIMUMS 

XHAX=  56  (HEX)  AT  SAMPLE  NUMBER  1472  (HEX) 

XMIN=  F2  (HEX)  AT  SAMPLE  NUMBER  H;5A  (HEX) 

YMAX=  56  (HEX)  AT  SAM.PLE  NUMBER  147  2  (E'EX) 

YMIN=  F2  (HEX)  AT  SAMPLE  NUMBER  OFDB  (HEX) 

ZMAX=  56  (HEX)  AT  SAMPLE  NUMBER  1472  (HEX) 

ZHIN=  n  (HEX)  AT  SAMPLE  NUMBER  1F.5A  (HEX) 

COMPRESSION  STATISTICS : 

NUMBER  OF  MEMORY  BITS  AVAIEABEE  =  021FF0  (I’FX) 

NUMBER  OF  BITS  AVAILABLE  TO  VAR  EFN  CODER  -  fin(E=.7V:  r'  (iiEX) 

TOTAL  NUMBFi;  OF  DATA  BITS  STORED  =  0003  0A9  8  ( !UM 
NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  X  --  006E(iF  (1  .  .;) 

NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  Y  =  0U6i:i)r  (I  :  :) 

NUMBER  OF  BITS  USED  TO  STORE  CHANNEL  7.  =  '!  I) 

NUMBER  OF  BITS  USI'.D  TO  STORE  TIME  OR  OTHEI.  1';■•'A:"  ' E  =  OOl'iDCn  (HEX) 

COMPRESSION  RATIO  =  TOTAL  DATA  BITS  STORED  FIE-  IE.::  .  '  S  AVAEIAI'EE 
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DR-8  RESEARCH  RECORDER 
_  MONITOR 


The  Model  DR-S  Resc'.nrch  Recoi-der  is  dcsi.Ted  to  oiicratc  from  a  lOO-in'i 
volt,  60  If?,  line.  Power  con.^umption  is  ai.out  VOO  waits.  The  circuit  is 
protected  by  a  10  ampere  circuit  (irealier  wliich  is  incori'oraicd  in  tiic  power 
ON-OFF  switch  on  tiie  camera  panel. 

It  is  essential  for  stuen'  and  to  minimize  60  Hz  interference  in  the  iracinys 
that  the  Reseai'cii  Recorder  be  connected  to  a  yood  "”Toumi".  third  wire 
is  brouo;ht.  out  at  the  power  plu;.t  for  this  purpose.  .\  good  "ground"  can  usually 
be  obtained  at  a  cold  water  pipe. 

The  instrument  combines  ns  many  as  eiuht  amplifier.'^  with  a  catluxie  ray 
tube  I'ccording  camera  and  two  caiiiode  ray  tube  monitors.  The  multiirace 
monitor  displays  any  number  of  traces  up  to  eiyiit.  The  sinule  monitor 
displays  any  one  of  the  traces  enlarcyd  or  redueeii  in  size,  li  is  also  ustai 
for  tlie  presentation  of  loops,  sucii  as  t!ie  vectorcaniioca'am  or  tiie  iur.y 
compliance  and  lung  resi.stance  loops,  anti  for  ijaiant.'in.;  .'train  tyniec  ainpi.f- 
iers.  All  phenomena  can  bt.'  monitored  eontmuously .  Rccoroing  is  m 
will,  merely  by  turning  a  switcii.  The  di.'plny  on  t'.e  catiiotie  rav  tube  in  ti'c 
camera  can  lie  identical  to  tiiat  on  citiicr  tin.-  multiirtic'e  tubo  or  t'ne  simtle 
trace  tube.  It  is  tlicreforc  I'ossiiile  to  piioto.m.'iiih  eitnor  scalar  traems.s  or 
loops.  In  actu.al  operation,  size  adiustnu'nts  anti  preiiaiintiru  mca.-ui'cnuui's 
arc  made  by  oiisorving  th.e  monitor  screens  without  rccoiaimg.  Thus,  liic  camera 
runs  for  only  short  inteivals. 

The  multitracc  tube  has  onlu  one  beam,  but  liccause  tlie  amui ifitm -  arc  connccu  ; 
to  it  throu.'.ii  an  electronic  sv.ttch  operaiin.',  at  a  raU'  of  i-,"'  '  P.  cc.  ,  P. 
possible  t<.'  tii.'-pl.ay  as  main'  as  eutut  traces  s iniult.ir.eous '.c .  ;  '  ,  '■  im  ns  >  s 

rapidly  from  one  trace  to  tiie  no.\t.  with  blankitr.,  "i  tiie  eat  lede  r  '  lin.-  ta  .  : 

place  during  tiie  i  v. ntciiing  ni.'riod.  Thus,  tnacii  In  im  i.  on  nee.  l  o; 

time,  altliou;',ii  pivina  tne  impression  (U' bt.ung  ctnuinui.,!.' .  .\  .sue  ■  .  orotioid 

to  make  pos.'ible  more  tia  puent  .-ampiing  tor  iiis.li  Sj.etd  p:i<  nos  ■  s  ,  irv  ledue:  s', 
the  numlier  of  channels  (iispinyed. 


233 


p 


POWER  switch,  located  on  il'.e  nal'd  side  of  camera  panel,  unma  the  Reaenreh 
Recorder  on.  A  minute  or  Uvo  is  rcfiuiiad  hciore  tin'  traces  on  the  monitor 
screens  arc  stabilized.  .Adju.stmcnts  m;iv  now  bo  made. 


INTENSITY  and.  control  ailiu.=t  th(.-  cath.odc  ray  tulie  beams.  Tlte 

upper  two  eoiUrols  arc-  lor  inc  ir.uif.trac'c  tune,  the  lower  twi-i  for  tlte  sinaie 
trace  tube.  The  intensite  n-  set  nccordiny  to  i''e  'n-emtr.css  cjf  tit^'  I'f  'r.-.  m 
which  the  in.strurtwnt  is  i.'cnu  use(i.  T'r.c  traces  v.all  Uv  ;-i'.arper  at  r  mt'm- 
sities.  Focus  is  aduist(.(i  lor  tr.e  saarpest  .-ciiit  and  sn.ail.i  Iw  dor  ■  :  i  ’,':  t:;c 
beams  arc  approximately  1  .axi  of  th.c  distance  imm  eitin'i'  side  ol  :i,o  tube  to 
allow  best  overall  foeu.sin'.p 

FUKCTKDN  selector  switch  determines  the  presentation  on  the  siiv.fle  trace  tuln.‘-, 
the  multitr.ace  tui"'  '.vill  displ.iv  .sealar  trr.ces  contmueuslv.  The  smsT''  trae"  tube 
will  di.spl.ay  tiie  trac’c  ironi  anv  ampiiiiei  wr.iai  liie  FrN(',Tl(m:  _  i  lect  u'  su  itsii  is 
in  tlie  .SWI.Fi’  oiiori.  In  ta.'  i’,AI, .-WCF  po^iu, a  '.'attorn  is  <i;.  1  or.  b:,'' 

single  tr.ace  scia  cn  '.'.iiieii  oei-niits  r.ii'id  iialaneiii',  '>t  ilu-  pias  o.na;  tr.si  rik  '  ;o  . 

In  LOOIhS,  .any  I'r.aonel  r.'.'a  be  pre.si'iited  on  lia-  h'lri.'ontai  .iXis  ol  the  .sinrle  trace 
tube,  aiKl  at  the  lime  a.rr  otia  '  '  pna  entid  on  tr.e  \a  rt  eal  axis. 

This  position  is  usr'd  [or  the  YCfi  ops  (X-Y  plot). 


«! 


1 

I 


4 


A2 
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(!e;crniino^;  the  speed  at  which  th.e  traces  ::'.'.'\-c  'icr<;,;s  tiie 
screen.  The  pro[;cr  settin.;  depends  on  the  repeiuion  rate  i,l  the  piu  notncna 
disola'-.'ed .  Xir.e  rnenit'iritt  ■■  s:  as  are  ir.'.ai la’de:  ,  IP,  2”,  "'P,  Ts,  !pp, 

ihh  and  doe  ntn.  e. 

The  MULTITRACF,  X!OX"[T‘''‘R  permits  the  tiisplay  of  up  to  eiyht  cltanncls 
at  one  time.  T:ie  positinr.s  of  tiie  inuiviciual  traces  on  t;ie  muititraee  tube 
are  controlled  by  lite  CKNTF.R  ‘.rioV)  on  th.e  individual  channels.  Each  of  the 
traces  can  be  positiijned  atiywiiere  on  the  screen,  sujierimnoscd  on  other 
traces,  or  can  be  moved  off  screen  m  either  direction  if  it  is  not  beiny  used. 

The  amplitude  of  t:ie  traces  on  th.e  muliurace  screen  will  depend  iiiion  the 
setting  of  the  .AMPLITUDE  conlrols  on  liie  individual  amplifiers. 

The  CHANN'ELS  switch  determines  the  number  of  amnlifiers  that  v/ill  be  displayed. 
The  muititraee  presentation  is  iho  result  of  an  "  channel  electron  switch,  ".'nose 
basic  frequency  is  -is  K  ilz.  In  the  I-s  position,  eaen  amplifier  v.  ill  bo  sampled 
equally  0,000  times  second,  or  every  IP.-;  microseconds .  In  tiie  1-d  rrmip.m, 
channels  1,  2  and  3  are  sampled  at  Id.OC'O  times  second  or  c\'ery  '■2  micrciscconds . 
Channels  -i  and  3  are  sampled  at  the  normal  e.i.  oo  times  mai  ciiann-.  Is  b,  7  and  s 
are  not  displayed  at  all.  Placing  the  multitrace  switch  at  1-b  will  sample  ciiarmels 
1  and  2  at  the  12,000  rate  and  3,  -1.  5  and  ii  at  Me  normal  iL'lO'O  rate.  Clianneis  7  a 
8  will  not  appear  on  tiie  muititraee  screen.  Amplifiers  proviciina  fast  rise  time 
phenomena,  such  as  heart  sounds,  action  and  nerve  potentials,  siioukl  1  e  in 
positions  1,  2  and  3  to  talte  advantage  of  the  faster  sampling  rate  and  to  niinunue 
the  dotting  effect. 

WTicn  the  SURTR.ACT  SELECTOR  switch  is  in  the  OEF  position,  the  built-in 
baseline,  gradient  aiul  sui  tract  lunciions  are  inoperattve.  Turnim.;'  s'.vitcii  to 
BASELINE  will  allow  'ouilt  in  iriseline  to  iio  'positioned  ;,.i  ^nv  -point  on  screen  with 
POSITION  control.  An  (.'cent  ?dARK  button  and  i ach  (for  mnr.tiii  '  irom  a  I'emi'iie 
position)  arc  provuled.  To  display  eitiier  baseline  or  graoieiit  1-3. 
switch  must  be  in  since  l.iasoline  or  .-.Tadient  trace  replace  liMiinoi  U'lien 
BASELINE  or  GR.ADIENT  ['osition  is  selecied  eiitinnel  ^  amp!ifii.r  will  r.'ji  le  ^(.■(-■n. 

A  PRF.R^FRE  ('RAOIENT  o-.m  b.'  displamd  on  the  multitrace  screen  tnoeiiier 
with  the  two  pres.- iiren.  Tiie  adjustment  procoiiure  is  as  follows; 

1)  Attach  pressure  transducers  to  -prf  ssure  amnlifiers;  alien'  tia  ni 

to  warm  up,  fialanee  tiie  amjdiia  rs.  Position  th.e  traces  to  m  :.ne 
from  which  measurements  -ire  to  be  miuie;  (.-quaiic.e  ti.e  an.;  i. ... 

(See  SGA-SGM  uistruetions) 

2)  Turn  the  SFRTRACT  SFI.FCTOR  switch  to  ■'GR.MPIFNT . .mdu  !;; 

trace  will  nou  be  sul'stimtt'd  fvir  Gli.cmel  and  its  pos.-.aMi  ,  'mr.'iird 
by  the  baseline  l’0.biT[^iX  coiitroi. 

3)  Turn  HORI'/.i 'N  I  .\  1.  .sp/F  and  SFltTR.XCT  S17.F  to  ceru  (eo'antercl-ei.v  a.siO 


4) 


;-\  iect  the  channel  to  be  subtracted  from  with  the  Hv'nzor.tal  switch; 
the  channel  to  be  subtracted  with  the  Subtract  switcii. 

5)  .  ^-nUon  i.ic  L,i'a  i:e;;t  trace  to  the  b;isi.l;i.e  j  •  -  .ti  .:i  wi  t'.;.  v.Mj 
pressure  channels.  There  are  now  3  or  4  line.s  superiirposefi  i.e.  ,  2 
pressure  amplifiers,  the  ciiffercmce  trace  (^m’adient)  and  optionally 

a  baseline,  which  can  be  a  baseline,  marker  trace,  or  any  unused  pressure 
amplifier. 

6)  ■  Turn  the  ^/-  switch  to 

7)  Turn  IIORIZOXT.AL  SIZE  slowlv  clocltwise;  note  in  which  direction 

trace  moves.  If  it  moves  upwards,  turn  HORIZON T.-\L  CENTER  counter¬ 
clockwise  to  return  trace  to  its  orimnal  nositiou.  .'.cvance  iiORIZtJNTAL 
SIZE  fully  clockwise  and  readjust  lIORiZONTAE  CENTER,  if  r.ecc&sary. 
When  the  center  is  opiinially  avijusted,  turning  i;t>RIZ(  )NT.\ L  SIZE  .-liould 
not  affect  ti'.c  position  eu'  trace.  Return  iluRlZ'  cNT.'i  L  to  aero,  ilw'ea 

procedure  with  SUDTR.\CT  SIZE  and  CENTER  controls,  returning;  SIZE  to 
zero  after  obtaining  balance. 

8)  Turn  C.ALIBR.\TE  control  on  pressure  anuilifier  which  was  selected 
by  HORIZONT.AL  SWITCH  so  t'e.at  its  tra'-e  moves  approximately  lull 
screen;  adjust  HORIZONT.-tL  SIZE  ur.;:;  uawdient  trace  coincid-.^  with  the 
pressure  trace.  Remove  the  CWLIERATE  sianal  from  I'ne  pressure 
amplifier  and  both  lines  will  return  to  their  original  positions. 

gj  Turn  the  C.ALIDRATE  on  that  amplifier  selected  iiv  SUBTRACT  sv,  itcit  until 
the  pressure  trace  mo\cs  approximately  lull  screen.  .Adjust  SUBTR.ACT 

SIZE  until  lines  arc  superiniiiosed.  Return  C.M.IBR.ATE  switch  to  zero 
and  both  lines  will  return  to  their  original  positions. 

10)  The  "Gradient"  trace  will  now  represent  the  sum  of  the  two  pressures. 

To  obseiwc  the  gradient,  turn  tiie  -  -  .switch  to  -.  Readjust  grr.dicnt 
POSITION,  if  neces-sary. 

For  the  H  and  V  sections  of  SUBTR.ACT  SELECTOR  switch,  .see  loops. 

SINGLE  TRACE  ATiV'T'iayi  ort  semat ion  is  .lot,  mined  b.y  fne  EUNCTION  .swiie'n. 
Any  individual  ampiuier  can  l  e  ';is:'i:n-"ii  win  a  l;  e  t'pycTlON  .switeh  is  in  thi' 
SWEEP  position.  Turn  t'nc  \'ER  i'lC.M.  '-Ilw;  -r  s’v;te:i  io  iiw  ena.niu'i  mimiier 
representing  tlu.'  desired  .am.oin wr.  fdaki.  i-'  rtam  'kni,'  amphfi'.w  is  vi.-iiae  un 
multitracc  screen.  Tlu’  p.osuicn  uf  the  >''iee'ed  irm.'e  can  i-e  eoir.i'olleu  iiv  tin. 
CENTER  control  on  tiic  ciumnfl,  or  iiv  t:n.‘  \’ERTIC.\L  CENTiiR  control.  Tiie 
amplitude  on  tiie  .'-ereen  is  adiiu-e.L'i  iiv  tin-  VEilTICAl,  SIZE  i-.mtrol  ami  can  in- 
2  1/2  times  the  ampixudr  of  tiie  corrt.-.sp(U-idinn,  trace  on  tin.'  multitracc  tube,  or  it 


can  be  reducefi  ns  low  as  zei'o  ainnlitude.  WTien  the  SIX  1C  conu'o!  is  al  /.^/ro 
(completely  counterclociavme) ,  ti’.e  CllNTlill  cuntiad  will  luive  no  eiu-ci.  If 
trace  is  ir.ore  than  1''  I'nom  mid-scri'en,  (SIX,  1C  control  I'ullv  rounicreioeir.-.  isc) 
tuni  ^  L'las. i;j'!\'s ;■  n  is;  n  ’  ei  v.  wai  Cli XTiilC  ;  >  r.-'s:  a  P;  - ■  s i  ; si  s  •  ■  s . 

Turninsi  the  SIXIC  control  clockwise  may  move  trace  oit  screen.  Note  m  v.  nics. 
direction  it  moves  (up  nr  ciown)  and  return  trace  to  screen  \'.'it.'i  X'lCRTICAL  Cl.W'rXR 
control.  K  trace  moves  upward,  turn  CICNTICll  counterclockwise;  if  trace  moves 
dotvmvard,  turn  CENTER  clockwise.  '• 

The  R.M..\N’CF.  ijosition  of  the  FUNCTION  switch  will  disiilay  a  lissajous  fissure, 
which  is  used  as  an  aid  in  balancing  a  transducer  in  a  pressure  amplifier. 

Turn  VERTIC.\L  selector  switch  to  pressure  anvolLficr  (wuh  transducer  connected) 
to  be  balanced.  The  lioiTnontal  deflection  represents  tae  tiam.-i'ucer  excitation 
voltage,  the  vertical  represents  the  outpiut  voltage  iro.-'i  I'ne  transducer  u'.rougn 
a  pressure  amplifier. 

The  vertical  SIZE  and  CENTER  control  do  not  have  anv  effect  in  the  E.MANCE 
position.  Wdicn  the  transducer  is  brougiit  i.uo  liainnee,  litere  will  not  iw  any 
output  voltage,  and  tiie  lissajous  pre.scniation  will  be  a  straigiil  honzoniai  line. 

In  LOOPS  position,  the  VERT1C.A.L  selector  switch  selects  the  citanrcl  to  be 
presented  on  liie  vertical  mxis,  anu  th.e  vertical  SIZE  and  CENTER  controls  arc 
used  to  adjust  vertical  amplitude  and  position. 


The  IIORIZONT.AL  ."twitch  seloets  the  chanr.cT  to  be  presented  on  the  lior iacnial 
axis,  and  the  iiori/.onial  SIZE  and  CENTER  controls  ari.‘  used  to  aeim-;  iau".:’.  ’a;: 
amplitude  and  nm~itiun.  U'hen  tin'  iitlRjZONT.\ E  lov  \'E;Ei'!C.‘. SIZE  LL'W.ro; 
is  turned  to  ntinimum  ciAmtcrclocltwise ,  tiie  CENTER  controls  will  not  ita'.  o  ro'/. 
effect.  A  dot  should  appear  at  mui-.'-creen.  If  it  is  im.ire  ih.an  L"  from  mid-S'/r 
adjust  screv.'driver  eoturois  below  VERTIC.AE  CENTER  or  llORiZONT.TL  SIZE, 
until  dot  is  at  mid-screen. 


Advance  HORIZONTAL  SIZE  cloclnvise  a,nd  adiust  1K>RI70NTAE  CENTER  o 


to  its  original  po.siriun  near  mui-serei.'n.  Proper  a'Ou.'t 
when  it  is  possible  to  turn  horizontal  SIZE  Irmn  :r.ir i mu 
maximum  clockwi.se  wititout  moving  dot  w;'(".i  ti.ero 
the  same  with  tite  \'EinTC.\L  and  .'-■Ui'.TR.kCT  v.  itc:;-t  s ; 
to  minimum  counccreloekw.  ise. 


".a  nt  of  center  is  at  lie.'Vt  n 
m  e;Himerc!oei".\'ise  to 
aim  appiku  siitnal.  IN' 
return  the  miij'wict  SIZE 


The  H  or  V  positiorrt  of  SEPTR.ACT  SELECTttR  ma'ie  it  pos,-  i'  i.. 
the  signals  from  two  enanneis  on  oithor  litL-  b.omzor’ai  or  \  .  rtie  i 
loops.  This  is  os'.iecially  useful  wnen  nunisur mg 
For  example:  I,et  us  sup'pose  it  is  desircvi  to  .‘■umi’:', '.t  iiso.y.  ;  ... 

HORIZONT.-M,  i-witeh  selects  uie  anv.difior  to  !  e  su'otraet.  d  :r 
SUBTRACT  selector  switch  is  uset!  to  selce'  tho  ciianne!  ;o  t  •  s 
is  turned  to  Tiie  .sfETlEXCl'  SEl.l.CTi  ,i'-  ■'ir"'ed  ;r  •'  '  .  .  ' 
The  SUBTRACT.  SIZE  and  iR-  NTER  contr  ols  -.vdl  iruv  ;,k  o'.-, 
tal  ampliturie  and  po.suam  oa!  in  a  idreetion  i,''p.i,.-i;e  .  i  .  ■ 

controls.  Sec  instructions  li)r  l.un  ;  Ri  snCianeo  and  E.ing  (.\un,pn. 


2d7 


Timing  and  direction  markin-  cnn  be  introciuced  to  the  Icon  patterns  bv  turniit-t 
the  camera  selector  to  LOOPS  and  e'n.-.xjsins  tite  annrecriate  'ri.MlL'O,  r'Se.  'I'::' 
caniL-ra  ON-OF  F  sa  iteii  nei.d  n-u  Fi‘  >  )N  t-)  disnlav  ii:ni;t  ,  on  i  icp  ;  ■  t 

when  photo;.;Taphin;j;  loop.  Camera  timm;;  should  be  in  .00-1  or  .  U2  to  properly 
display  LC,  LR  loo[)s;  or  .001  lor  VCG. 
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MONfTOK 


MODF.l.  DR-12 

T'..c  -  '  ll  I'eei'rder  is  n  moiiifit'd  version  of  flic  DP.-'-:.  Tlie  DPi-S  instruction 

plus  I..V  io  Plowing  inl  or  mat  lull  covers  liie  operauun  u;  i:.e  Div-i2. 

The  amplifiers  in  the  DR-12  are  numlx?rcd  from  1  throuaii  12.  Ten  of  these,  1-10, 
starting  from  the  top,  are  located  on  the  left  side  of  the  recorder;  num'oers  11  and 
12  are  located  beneatli  the  monitor  panel.  The  eight  di.‘;play;ible  channels  of  the 
recorder  are  lettered  from  .-\  through  H  with  a  dial  ty;ie  switch  suriplied  for  each 
channel  which  permits  any  of  the  12  amplifiers  to  be  selected  on  any  C'f  the  s  channels. 
Since  it  is  possible  to  select  the  same  amplifier  on  more  than  one  ch.annel,  the  user 
should  be  certain  that  each  of  tiie  dials  is  set  to  a  different  number  or  the  same  trace 
will  appear  on  the  screen  more  than  once. 


The  A-E,  A-F,  A-H  switch  on  the  monitor  panel  can  he  used  to  sample  two  or  three 
channels  more  frequently  tlian  the  others.  The  electronic  switching  rate  )s  -is.oui) 
Hz/second;  each  ot  the  s  ciumnei.s  is  sampled  d.dbo  times  pi-r  second  wiien  tin-  swii.n 
is  in  the  A-II  jiositior  .•\-F  position,  cliannels  B,  and  C  are  sampleii 

12,000  times/secoiv  oe  ehaniu'ls  D  and  F  are  sainpKai  ('.,U0()  times  second.  Only 


5  channels  are  operative  in  this  position.  In  the  A-F  position,  channels  A  and  H 
are  sampled  12,000  times -second  while  channels  C.  D.  V.  and  F  an-  samoled  ip'i'ai 

times  Si'cead .  Oaeraticn  is  i;  litt.  1  :o  e  ;•  m;-;  ■  i  -i  p  p  ■  •  . . 

be  sampled  at  thi-se  hia’ner  rates  bv  select iiv.r  them  mi  riman-'ls  A  ny  ii. 

SUBTRACT  SELECTOR  switch  marked  BASELrXE,  GILADIEN'T,  OFF,  H  and  V,  when 
positioned  on  BASELINE  or  GR.ADIENT,  will  remove  channel  II  (.A-E,  .A-F,  .A-H  switcii 
must  be  on  .A-H)  from  display  on  multitrace  screen  ami  replace  it  with  a  baseline 
or  gradient  trace.  With  switch  in  B.ASE LINE.  t!ie  posFriON  eomrol,  bckov  the 
switch,  can  be  used  to  set  itie  liascline  to  any  de.-'ircd  iioint.  .A  t.lARK  pu.sii  button 
and  remote  MARK  jack  can  be  used  as  an  event  marlter.  .A  h.and,  loot  switch  can  lie 
patched  into  M.ARK  jack,  to  mark  events  I'rom  a  remote  point.  Flacimt  switch  on 
GRADIENT  position  will  permit  the  display  oi  --ra.dients  usmt:  buik  m  ca'adicnt  amp¬ 
lifier  (POSITIO.N  control  is  the  same  as  lor  ba.seline).  Ti.e  snot raction  is  done 
horizontally.  See  section  on  "subtraction''  in  DR-''  m.-truct: ms .  T!ie  11  ar.cl  V  rmsiticn 
of  the  SUBTR.ACT  SELLCT(.)R  switcii,  permit  suiitraciaui  on  vector  screen,  e  tiu'-r 
vertically  or  horizontally  in  the  OFF  position,  subtract  or  GiLADlENTS  and  B.ASELINE 
are  inoperative.  See  DR-S  instructions. 
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ST-6a3:) 

MGS-CHT/Ob 


SPIXTI- I  CATIONS 


DATA  ACQUISITION  SECTION 


Sped  f  i  cations 

Typical  @  +25”C,  dynamic  conditions,  unless  otherwise  specified. 


Analog  Inputs 

Number  of  Channels 
Channel  Expansion 


Full  Scale  Input  Ranges 


Current  Input  Cliannel  Range 
(8  Channels) 

Common  Mode  Range 

Input  Overvoltage 

Input  Impedance 

Input  Bias  Current 

Input  Capacitance 


32  Single-ended  or  16  differential 

Up  to  128  single  ended  or  112  di  f  i’ereritl  el 

using  ADC-Slave  Expindor  Cards  (Model  ST-C. 

0  to  +5  Volts 
0  to  +10  Volts 
-5  to  +5  Volts 
-10  to  +10  Volts 

4-20  mA  type 


+10  Volts 

+35  Volts  Max.  continuous 

100  Megohms  differential  or  to  ground 

3nA  typ. ,  10m\  max. 

5pF,  OFF  QiANNE].,  100  pF  ON  CHAN-NEL 
to  ground 


Performance 


Accuracy  0  +25C 
Reso 1 ut ion 
Nonl i neari ty 

Differential  non-linearity 
Gain  Error 

Offset  or  Zero  Error 
Gain  Temperature  Drift  (Bipolar) 
Zero  Temperature  Drift  (Unipolar) 
Common  Mode  Rejection 
Power  Supply  Rejection 


Within  K). 025/1  of  input  range 
12  Binary  bits  (1  part  in  4096) 

+1/2  LSB  maximum 
+1/2  LSB  maximtim 
Adjustable  to  zero 
Adjustable  to  zero 
Within  +10  ppm  I'f  F^e-:  '  C 
Within  +5  ppm  of  FSK'  ii  max. 

70  dB  min,  DC  to  1  ki:::  with  IklT  unbalar.ci 
100  dB  to  +5V  bus 
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Ovnaini  c 


Typical  Data  Transfer 


I/O  Period  (Total) 

36  microseconds 

ITiroughput  Period 

20  microseconds 

Acquisition  Time 

8  microseconds 

A/D  Ccjiiversion  Time 

12  microseconds 

Aperture  Time 

100  nanoseconds 

Sample/llold  Switch 

.01%  Max. 

Feedtlirough 

MUX  Crosstalk,  from  OFF  Channel: 

.007%  (3  1  kHz,  Rs  =  IK 

Digital  Outputs 

Output  Coding 

Straight  Binary  (I'njpol.ir)  | 

Offset  Binar>-  (i'.ipol.ar)  V  ^ur..,ar 

2*s  Complement  (Bipolar)  )  ' '' 

Output  Format 

2-Byte  group  electrica.l!  v  re:::pa  l  i  bl  e  t 
Motorola's  EXOR^ii.or  b  i  d  j  in'u  t  i  cr.a  1  bu.- . 

Sign  axten;;iv:>n  is  jumper  '.eleetiii  on  bit'¬ 
ll  thru  15  for  2  Vs  complex. vun  ur..i:'..  iiir 
12  tiiru  15  are  lop.ic  zero  lor  all  c'tlur 
uni ts . 

Channel  Addressing 

Random  channel  nddresi'.lnp  mav  be  slartc.! 
by  external  interrupt  input  i  Lir  i.'veni 
operation  or  by  intern.al  program  contro'. 

Ka.se  Address 

Prewired  by  PC  Hoard  jumpers  f.'r  o:n’  e!  1 
base  addres.ses. 

Data  Di  str  ihiii  ion  Section  (D/A 

Analog  Outputs) 

Number  of  Channels 

Resolution 

2  (Expnndabl  e  on]  V  by  s  t  and-,.  1  one  ST-CbOO:', 
Boards.) 

12  Bits 

F'll  1  Scale  Output 

0  to  +5  Volts 

Voltage  Ranges 

0  to  +10  Volts 
-5  to  +5  Volts 
-10  to  +10  Volts 

Input  Coding 

Straight  Binary  (Unipula. i) 

Offset  Binarv  (Bipol at) 

2's  Complement  (liipol.n) 

Output  Impedance 

.05  ohm 

Output  Current 

+5  mA  min 
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Non  linearity 

Di  f  f  erent  ial  Noiil  inenr  i  t  y 

Gain  Error 

Offset  or  Zero  Error 


Gain  Temperature  Drift 
Zero  Temperature  Drift 
Offset  Tempo  r  a  t  u  r e  Drift 
Settling  Time  (20V  ciiange) 
Slow  Rate 

Power  Supply  Rejection 


+  1/2  LSB,  maximum 

+  1/2  LSB,  maximum 

Adjustable  to  zero  using 
channel 

Adjustable  to  zero  using 
channel 


pot.  for  each 
pot  for  each 


+20  ppm  of  output/°C 
(Unipolar  output)  +5  ppm  of  FSR/'^C 
(Bipolar  output)  +10  ppm  of  FS-’./‘^C 
4  microseconds  to  +  1/2  LSB 
20V/ usee 

+0.022'  of  FSR  per  12  variation 


Power  Cons lion 

1.2  ampstyplcal  (i  +5  vdc  supplied  from  MPU  bus  connector.  On-board  DC  to  DC  Conver 
supplies  +15  vdc  to  linear  circuits. 


ZllicL'  £i'  * 

Operating  Tc'mpi'r.Uure  R.inp,c 
Storage  Temiie  rat  ure  Range 
Card  Size 


0°  to  +70"C 

-25°C  to  +85"C 

9.75"W  X  5.75"H  x  .9G2"D 


General  Information 


Specifications 


Sensitivity 


10  millivolts  per  eh.iit  li.'.*- 

Full  scaledclki’tu-n  ironi  I'li.i;  t  ('(  :;ti  i  :  COO  :n:!hvri!ts. 


Sensitivity  steps . 01.  .02,  .05,  .1.  .2,  .5,  1.  2.  5  and  10  volt.s  p.  r 

chart  lino  (mni).  Maximum  :ittenu.it('r  error  1  -.wth 
balanced  input. 


Measurement  rani,;e 

Single-ended  input  (5  megohm) 


.010  volt  to  400  volts 


Balanced  input  (10  megohm)  .  . . 010  volt  to  400  volts,  .side  to  .side,  allo-.v.ililt-  \  dM.:-' 

off-.’.rmind  at  any  attenu.itor  step  is  lOro  x  ■.r  i's  ;  •  r 
chart  line  sv.dtch  s,  ttm.'  up  to  500  volf.s  oii-.troun  I. 


Common  mode  rejection 


Better  than  1000  to  1,  .ittcT.u.itor  si  t  in  .01  vi.lt  per 
chart  line  pi.i.sitMii. 


Zero  hne  stability .  Less  than  1  4  chart  line  Imm)  per  h  iur.  T.  t.,!  iriji 

over  emht  hour  j'< aiod  not  more  than  1  2  ch.ii’ 
line  (min'. 


Noise 


Not  noticeable  on  ehart  with  sliorted  input. 


Frequency  response .  The  ree..rd.-l  pe,,k-to-r'  iP  c  ..f  .i  . 

volt. me  Mia  ■.'.av  !•  .I'l.a;  ■  I..,:;  he.  i.i::; 

.of  a  llomin.il  Id  I.ia  li  "::,  ,).;  .  •  •  ;  lei  ap.-. 


Maximum  amplitude 


40  lines  (mini 
20  lines  (min' 
10  liiie.s  (mm) 


P'Mp-  t-1-  |a  ah,  Pl.f. 
P'  ak-Io  a  .  ,K.  M.'  '. 


'M  40  epM 
lo  II'  I  cps. 
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General  Information 


Specif  iccilions 


P.'i;  Bias .  Permits  positionin;:  ''f  p‘ n  on  rli.-irt, 

lines  (mtn).  Klfcitive  fr  r  tith-.r  Mr'..; 
balaneei  input. 


Trace  linearity .  D.  C.  within  2'','  full  ch.art  v.i  ith, 

A.  C.  within  3  'i  full  cliart  wnith,  a’ 
within  litnit.s  of  ma-xiniuni  an'iilituit 
writing. 


Trace  width 


O.OOC  with  .Nh.Ki.T  KA  2r22-31  pen. 


Writing  method 


tlectric  stylus. 


Number  of  recording  channels 


2 


Number  of  event  chaiuiids 


1  actuated  bv  e.xternal  .switch. 
1  actuated  by  panel  .switch. 


Channel  width 


40  mm  (40  divisions). 


Chart  Supply 


150  feof 


Chart  speeds 


1.  5,  25,  and  125  nini  j  .  r  .sc  i 


Chart  speed  regulation 


Synchronous  motor,  direct  drive. 
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r  20  ch.irt 
le-t-n. ted  or 


y  fre'iuec.cy 
for  el'-itnc 


General  Information 


Specifications 


Operating  Temperature  range,  ambient .  0“^  to  55 'O. 


Power  requirements  .  105-125  volts,  60  cps,  135  watts  at  115  volts. 


Transistors .  1-5651  and  2-5687 


Tubes .  1-6BW4,  2-12B4A,  2-12.'\T7,  2-12.-\X7 


Input  terminals 

Front  (signal) .  Bindiiii:  post.s. 


Rear  (event  Marker) 


Binding  po.^t.s 


Supplies 


DESCRIPTION 


BRfhll  I'.Mt  r  NO, 


Cha "t  Paper,  2  chaiinel 


RA  2922-22 


Electric  Styli  (4) 


RA  2822 -.31 


Gram  Gage  Assemldy 


2274  18-91') 


Pen  Mounting  Tool 


r,:,:c  1.1 


CMAPTEn  1  g: 


r\  rro  r' 

**  <  • .  >. 


1-1  INTRODUCTION 

The  M68U(i  TXOKe'^er  (  M;'.''SDTl  i^ ..  -v  siem 
dcvclopmcm  tool  um,'!.!  in  the  deM'.'i',  .nni  <.!e\ L'li'pinciu  "I 
Nt6S0u  Mu'roei.niip;Her  S\^ionis  1  he  t  \i  'ii^  i-cr  Dehue 
anJ  the  user's  sssieni  .iie  huift  uidtiiiii  the 
Mieroeonipuici  1  .inn!',  "t  I’.e.ts,  lire  NltiMii)  MKri's'iun- 
puter  f'unuK  ol  P.irts  are  Jiseussed  iti  the  hiihuMiie 
doeunients 

•  .Mieroprivessdr  Ptoer-ininunp  M.mu.il 

•  Mf'MU)  Mieropioeessor  Appliealu'iis  Manuai 

•  MfiSOit  MieropivK essnr  1  .imi!'.  ol  I’arts  Pat-i  Sheets 

The  InXOReiser  in.i>  be  eenl  leured  in  .i  s.inets 
ol'aiiplieab.i'ns  atid.  \s  nh  s  .iii".;'  !iX<  'Kei-ev  eptains.  1  Tas 
manual,  r.i’her  ih.iii  ui'^ us'ir.e  e'.er\  po^'i'rle  eonlveuKi- 
tion  and  option ,  ^.!lseus^es  or, 1\  the  r.isiv  h.Xl'Rei^ei  with 
e.ieh  t'f'tion  ex^ej'i  the  ^^l!euMp  .ukI  lAtender  Modules 
diseussed  in  .i  supplen  eiu  to  itus  !r..iiuial.  l  i.e  b.isie 
r.IXORei'er  is  do  ussed  in  I’.ii.iei.ipii  1  .md  tlie  options 
are  iJemit'ied  in  r.tt.iei.ipii  1  t'. 

This  iii.iiui.il  proM.ies  )'ene:.!i  iiiioi iii.ition.  in¬ 
stallation  instrr.etioiis.  .ippii..  tions  inioini.ition,  operat¬ 


ing  proeed'.aes.  and  theory  o!  opei.ilion.  tm  M,e.,.;,.l.i'' 
M()-S(l(l  1  At  )K^  I'er.  r.'ie  Mosi  ill  1  At  )lw  iset  is  liiusiiaies 
in  hieure  1  1 

12  EXORciser  FEATURES 

The  (ealures  ol  i‘,e  b.i-ie  l  i'c:  iiieuale. 

•  Fie\ible.  adaptable,  and  ev.pand..hie  do'-ipn  ihoelop 

ment  tv'ol 

•  T.as\  to  use 

•  Rro\ules;!ie  Nl'eropioeessin-.:  Ti":  a.irabihis  I.  ;  hod 
the  hXORviser  atid  I'r.e  user  -'.eiii 

•  Sates  ststeni  desien  aiiJ  detel-'prreni  tin  e 

•  IX'.re.ises  s_\sieni  desien  and  des eiojov.'-  nt  ^osis 

•  I  \alu.iies  and  debues  the  loci's  pioer.iin 

•  litaluates  and  debues  me  use;''  sss'eri  h.:; dw ..re 

lA  EXORcisor  SPECIFICATIONS 

1-1  identities  the  I'.isk  I  Xttlss'isei 


Table 

peeitieatioiis 


T.-MU  .I  .  1-1.  H  risic  T.XOReisiT  Speeifiealions 


CH AKAC  I 1  RISI  |(  S 

SCI CH  H  ■  \  )  l()\s 

F’liuer  Reijiiiieinents 

os.  1  '.s  2iis  Ao  \  --,1. 

47.-12(1  11.'.  ;'o\\ 

Word  Si/e 

Data 

S  bits 

.•\dJrcsv 

lb  bits 

Insmieiii'iis 

S.  It),  or  2-1  b  Is 

Meniott  Si/e 

()-tk  I'M-e- 

Inslru-.tion  Set 

'’2  s  ,11  ',  r  '1 

Clot  k  es  s  le  litne 

eloi  k  f'otss ;  1 

Inteiiuni 

M.isk.iMe  !  .li  ;  ■ 

I’tn  SK  lal  t  h.ii  .■  let;  Itss 

1  able  top 

. 

l.eneih 

I't  2s  in 

Depth 

|7  |tn  |„ 

1 1  e  I h  I 

'nil  in 

Rael.  -Mo.inl.il'le 

Teii'.'tli 

1  0  IKI  III 

Depih 

r  (iiM’i 

Heiehl 

s  III!  |„ 

li.llld  k.ile  1  S'.s  lU  b  Seh.  .  i.c'  l  e  i 

lb’.  :  so  -Ml)  ■  .  ; 

*'  ’1  II  1  IM  1  1  ’•  1  '/fii  ti  » 

FUNCTIONAL  DESCRIPTION 

Thi:  Mf'SUi)  lilu'.lr.iteJ  jn  PiLUirc 


ol  i’i:;--  li  e.'  t  \v)kci''Ci  iiMS  he  e.isiU  t.iilorcii  In  inccl 
the  User's  iiees's  m  iSie  siesien  ui'aI  de'. elnpnveDt  nt  his 
sssieni.  Its  111,  Jill. ir  sle'ien  resliiees  the  lime  teqiiired  to 
ueseUip  .1  sSstein  .inJ  .a  me  s.ime  time,  piosKies  eteat 
tlesihilits  in  si'iiiieurine  .m  emulation  (tunetional  rep- 
re'et.l.iU'.’ii I  ,'l  the  user's  sssteiii  I  he  h.XOReisi.r‘s 
hXhiiL'  hirm.A.ire,  thioueh  its  Jebue  am!  proer.im  eor.trol 
te.iiures.  ininimi/e-.  the  time  required  to  deselop  user's 
s\ stems,  'liie  1  X'lnie  Iinnu.ite  pros  ides  the  L.XOkeiser 
ss  ith  tile  sjpahiiits  to: 

•  Oisphis  tile  eontenls  of  the  ,M1’L'  registers 

•  .hiep  tlitoueii  tiie  proei.im 

•  li.iee  riiroue.’i  user's  propiariis  to  los'.ite  p.^ihlem  areas 

•  .Sts'p  tile  proei.im  on  a  seleeled  [iroerani  step 

•  I’roside  ,iii  oseiliossope  trieeer  sienal  on  a  selected 
progiam  step 

•  .Abort  tn'if.  the  user's  proerain  and  return  to  the  LXbiie 
control  propiaiii  on  command 

•  Rciniti.ili/e  the  li.X(  iRciser  or.  comni.tiid 

•  Ch.iiiee  the  contents  of  meniors 


The  user  eonimunicates  ss  iih  tlie  l.X(  )R^  iser  in 
‘'Ilx*  ^'t  T‘A  ;:N 

o  i  I.. < 's.  j..  4.  1n>  ^  » 'I  I  1  'i  iu: Ji i.sii 

•  'Ihroueh  the  I  XORcisei  Ironl  p.u'ei  contiols  and  indi¬ 
cators 

The  teiniiiial  ilesme  permits  the  User  to  ciaii- 
inunicale  diiesiis  ssiiJi  tiie  I..X(  rRciser's  li.Xbue 
birinssaie.  1  he  1  XORciser's  iioiu  panel  peim.ils  the  user 
to  .ippls  posset  to  the  1  X( 'Reiser,  to  .ibort  (exit)  th.e 
TXORciser  It. 111!  a  loimne.  ..r.d  to  mm.ih/e  and  lestan  the 
L.XORsiser.  i  lie  h .XOiX  iser's  ur.i.ine  Iioni  jorel  ssas 
designed  to  insoipoiaie  tutuie  1  ,Xi  iKciser  options  sueh  as 
data  kess  and  displass 

1-5  BASIC  EXORciscr  SYSTEM  (FIGURES 
1-2  AND  1-3) 

The  h  isie  !  XtiReiser  iMo'-aSO  ri  c  'r-is's  of 
the  MIH'  M'odule.  the  iJei'u.:  Nbvti.'ie.  tiie  R.iiiu  Kate 
Module,  tfie  Rosser  .Siippls.  and  tiie  s  in. ‘"is.  '!  itese  mod¬ 
ules  are  btiill  aro.ii.d  ll'.e  Mtoo  i  .Mieios.imptitei  bam.iis 
t't  halts  iNU'ti.sO'i  M'.ciopiosessine  I  nit.  MC'(''2i.i 
Reripiiei.i!  liiteit.iee  .Asi.ipter.  MC'i-s.s'i  .A'.;. ik  tii'iiious 
Conimunie.itions  inteit.'ee  .Sd.ipm;.  ,M(.  .M;  sin  R.iiuiom 
.Access  Meinors.  and  NK'.hR'b.'d  Read  Onis  .5‘emors 
devices). 


i 


FIGUnH  14.  MFU  tloduio 
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I'clvin  D.  n :  -  1.  ;  l.cM'n 

SprincjG,  Colorado.  Upon  graduation  frcrr.  Gen.  ’Gill  jar, 
Mitcliell  High  School  in  1970  ,  he  onrcllcd  in  ur'.de  rg  r  adua  te¬ 
en  g  i  n  e  e  r  i  n  g  study  at  Colorado  State  University.  In 
December,  1974,  he  v;  a  s  awarded  the  F-;  S  H  C  d  c  g  r  e  e  a  n  d 
commissioned  as  a  second  lieutenant,  USAF,  via  la'IIOTC. 
Entering  active  duty  imnedi  atcl  y ,  he  v.’as  assigned  to  the 
Foreign  Technology  Division  (AFSC)  ,  V.'PAFB ,  Ohio .  After  three 
and  one  half  years  working  technical  intelligence 
engineering,  he  was  transferea  PCA  to  the  AF  avionics 
Laboratory  (AFSC)  v.'hcre  he  perforined  R&D  engineering  on 
electro-optical  target  acqui.sition  systemis.  In  June,  1  97  9, 
he  entered  the  Air  Force  Institute  of  7'cchno]  ogy .  Captain 
Townsend  is  a  merl.er  of  Fta  Kappa  Nu  and  IEEE. 

Permanent  Address 
621  Prairie  Rd. 

Colorado  Springs,  CO 
80909 
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Fleet  rocardiogra.T!  Datfi  RccTacti<jn 

FKG  Fata  Coriprcssion  Source  lincoci j  iicj 


A  ElOT  P  AC  T  fC  ifrrt;-'  m  re  vrr  «.'•  .'.-..’r-  I!  . . .  nn  i  ;  fi  fv  *-»  -r' 

FKG  data  corprossion  tcchnicuos  v^erc  investinated  for 
potential  real  tin.c  i  r.;plr-ontation  on  an  n  Ivit  fiotorol;  0  800 
III  i  c  r  o  p  r  o  c  o  s  s  o  r  .  P  e  .s  e  a  r  c  h  i.  n  c  i  c  a  t'  e  ri  e  t  r  c  r  \'  r  o  (h i  c  t  i  n 
transforn  technioao  such  as  the  Fart  Four  i  or  '"ranrlorn  and 
the  discrete  Ka r irun en- i ,oovc  Tranr.fotr  v.-erc  not  f'ariblo  for 
i  ni  p  ].  err  <■' n  t  f t  j  f' n  orr  the  Pf'i'O.  IVo  r  ec'nr.danc  v  icdnctir.j’,  (':P) 
t  c  c  li  n  i.  cj  ue  ;;  {'101, /\”  and  r.r/.FPd)  utilisirn  .Piui  orcirr  d  1' f  c  f 
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opcTcitions  ill  conjunction  with  varinblc  Icnnth  cncodinc  i-ori" 
ir  (lc  t.:il.  'nr  .v'.;!;  t'  f;--  ' 

'  ■  ‘  ^  -  V-  ■  .  _  .  in  I  'v  '  .  .  aJ  c,^.  L  .  /vll  ~  1 ^  n 

revealed  conprescion  ratios  ranging  froni  1.25:1  to  2.26:1. 
Investigation  of  the  f^oor  performance  of  tlie  com  press  ion 
aloorithn;  showed  significant  degradation  of  tl.e  2nd  order 
difference  "decorrelcitor"  duo  to  a  noisy  collection 
environment.  It  was  concluded  that  real  time  EKG  data 
compression  is  feasible  on  the  6P00  but  tliat  time 
compression  t  e  c  h  n  i  c  j  u  e  s  w  n  i  c  h  store  a  zero  v  a  1  u  e  fi  o  g  u  e  n  c  o 
counter  versus  the  value  of  zero  are  not  efficient  in  a  high 
noise  environment. 


